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Shipboard Trials of Hyde ‘Guardian’ system in Caribbean &a and Western
Pacific Ocean, April 5" - October 6", 2008.

INTRODUCTION AND PROJECT DESCRIPTION

Three trials were conducted aboard the Princess Qrinss ship M/VCoral Princessn
2008 to test the efficacy of the Hyde Marine Inc. ‘GuardBallast Water Treatment system
under normal working conditions. The system consisi@ pfimary disc filter manufactured by
Arkal Inc., Tel Aviv, Israel mounted in series withnaedium pressure UV irradiation system
rated by the manufacturer/vendor at 200 m3 fumtreatment of ballast water at flow rates up to
250 nth™. Trials took place during the vessel's regular springdidieein the Caribbean Sea, the
summer schedule in the N.W. Pacific Ocean betweertMthiAlaska and Vancouver, Canada,
and during the repositioning cruise from the western Racfthe vessel's winter base in Fort
Lauderdale, Florida. Trials consisted of determinationwater quality parameters and a
comparison of biological endpoints in treated and urgceballast water samples, with reference
to both IMO G8 and the U.S. Coast Guard Shipboard Techopdealuation Program (STEP).
Sampling procedures and endpoint determinations followed IMQyuidelines for shipboard
trials and the exercise was designed to supplement-blased trials being conducted
concomitantly at NIOZ, Texel, Netherlands to deternime efficacy of the BWT system under
varying water quality conditions. Shipboard trials weresigieed to document system
performance under normal seagoing conditions and underedif geographical and seasonal
conditions, with the objective of determining the degréeampliance with IMO and STEP
requirements. Whole Effluent Toxicity (WET) tests waiso conducted as part of the third and
last trial to determine whether any significant chemitenges in ballast water after exposure to
UV irradiation, which resulted in subsequent residualkityi

Background.

It is now widely accepted that ships’ ballast watethis primary vector responsible for the
introduction of non-indigenous aquatic species into coashatats (Carlton and Geller 1993, Cohen and
Carlton 1998, Ruiz et al. 1997, 2000a, Bymental (2003) has estimated the total annual economic
cost from invasive species to the U.S. is $123 billion, W#hbillion attributable to unwanted
introductions of aquatic nuisance species (ANS) (Pimegitall. 2005). World-wide economic
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costs associated with ANS are incomplete, but have bstmated at least in the tens of billions
of dollars annually Raaymakers (2002).

The 2004 IMOConvention for the Management of Ballast water and Sediment iniShips
pending ratification by port states representing 30% ddadlshipping. Criteria for ‘successful’
management or treatment have been published as Regulatiore@ting to Open Ocean Ballast
Water Exchange and Regulation D-2, described as thesBaNater Performance Standard
pertinent to the efficacy of ballast water treatmdiite criterion for successful exchange was
defined as a better than 95% volumetric replacementadémeither through an empty-refill
procedure or a pass-through procedure involving 3x the volumeedinbk (or less if the 95%
exchange is satisfactorily met). ‘Successful treathveas$ defined as the discharge of less than
10 viable organisms/fhrgreater than or equal to 50 pm in minimum dimensionlesslthan 10
viable organisms/ml less than 50 pm in minimum dimensi@hgreater than or equal to 10 um
in minimum dimension. Specific bacteria are includedraicator microbes’, namely serotypes
O1 and 0139 ofVibrio cholerae (standard: <1 cfu/100 ml or <1 cfu/gm wet weight
zooplankton); Escherichia coli (standard: <250 cfu/100 ml); intestinal Enterococci (<100
cfu/200 ml).

The April 2008 U.S. Coast Guard authorization Act (HR 2830fi&® 503, sub-section
1101; Ballast Water Management) contains standardsatbatip to 100x stricter than the IMO
standards, and even more stringent standards were adopfeshuary 2008 by the state of
California, essentially representing the complete iabtion of plankton in the >50 pum
(minimum dimension) size class and a live density of Ogdrasms/ml. in the >10 - <50 um
(minimum dimension) size class. California ballastexd¢gislation also includes standards for
total live bacteria post treatment, (less than 1,000 bagber 100 ml.) and viruses (less than
10,000 viruses per 100 ml.) as well as more rigorous standaatingeb indicator bacteria, i.e.
concentrations of microbes that are less than 12égdtorming units/100 ml. oEscherichia
coli; 33 colony forming units per 100 ml. of intestinal enterocand 1 colony forming unit per
100 ml. or 1 colony forming unit per gram of wet weight oblbgical samples of toxicogenic
Vibrio cholerae(serotypes 01 and 0139).

In Washington State the interim ballast water dischargatment standard is 95%
zooplankton and 99% phytoplankton/bacteria elimination, thstipulation that “Vessels that

have not adequately exchanged their ballast water musthesaballast to meet or exceed the



Washington State interim ballast water discharge stanpi@od to discharging in Washington
waters”. Washington State legislation further statas dinly approved technologies may be used
on specified vessels discharge treated ballast in Washington waters. Fooeplptechnologies
must meet one of the following criteria:

v Previously approved by Washington Department of Fisheries aladifeVi
for use in WA waters

v Approved by U.S. Coast Guard for use in national waters

v Enrolled in U.S. Coast Guard Shipboard Technology Evalu&rogram
(STEP).

v Approved by the State of California for use in Califorweters

v Approved by the International Maritime Organization (IM@nd
authorized by U. S. State Department and U.S. Coast Goamgkse in
national waters.

v Vessel is enrolled in IMO approval process and is autkdrizy the U.S.
State Department and U.S. Coast Guard for use in nhti@mters.

Table 1 provides a summary of current legislation, bational and international,
relating to ballast water treatment standards.

Table 1. 2008 Ballast Water Treatment Standards.

IMO Regulation 200¢ Ballast Water 2008 California  Washington
D-2 and Management Act Standard Administrative Code
Transport Section 1101 (f)i 222-170
Canada
Management Exchange movini Exchange movini Exchange movin¢owards Exchange or treatme
approach towards treatmen towards treatment treatment only
only only
Standard: Proposed Proposed Recommended Interim  Adopted Interim:
1) Organisms <10 viable < 0.1 living No  detectable living Technology tc
greater than 50 organisms pel organisms per cubicorganisms inactivate or remove
microns in cubic meter meter 95% zooplankton
minimum
dimension:
2) Organisms 10- <10 viable < 0.1 living <19° living organisms per
50 microns in organisms per ml organisms per ml
minimum
dimension:
3) Organisms lessNo standards No standard 3 ) 99% bacteria &
than 10 microns in < 10 cfu bacteria/100 ml yopjankton
minimum




dimension:

<126 cfu/100 ml

4) Escherichia coli < 250 cfu/100 ml <126 cfu/100 ml

5)

Intestinal <100 cfu/100 ml < 33 cfu/100 mi <33 cfu/100 ml

Enterococci

6)
Vibrio
(O1&

Toxicogenic <1 cfu/100 ml <1 cfu/100 mi <1 cfu/100 mi
cholerae
0139) <1 cfu/gram of <1 cfu/gram of wet < 1 cfu/gram of wet
wet zooplankton weight of zoological zoological samples
samples samples;

4
<10 viruses/100 ml

Final standards — no
discharge of living
organisms

MATERIALS AND METHODS.

Disposition of treated and untreated ballast water.

A matched pair of ballast tanks (5P, 5S) was identiiieceach of these trials. One tank
(5S) was used for treated ballast water and the otharrioeated water. Tank 5S was initially
filled with treated water, followed by the filling of taf#® with untreated water, as per normal
ballasting procedure. The ‘treated first’ protocol wasigiesd to eliminate any possible false
‘positives’ through carry-over of untreated organisms inldakasting system downstream from
the BWT unit. For untreated samples, water followed dame path as the treated samples,
except that the filter was by-passed and the UV unitdeastivated during the ballasting of the
untreated tank.

Sample collection.

The sampling regime adopted for the Hyde Guardian BVgtesy aboard the M/Zoral
Princessessentially followed 3 ‘in tank’ replicate x 3 time per (during the de-ballasting
operation) x 2 treatment (i.e. treated/untreated) )aBrtratrix design. It should be noted that, for
the Guardian system, a ‘treatment’ consists of #illm + UV irradiation] during the ballasting
cycle PLUS [UV irradiation] during the de-ballasting leycTherefore, a treatment is not deemed
complete until after the water passes through the sy during de-ballasting. Therefore the

full sampling matrix (below) only applies to treated ammtreated water during the de-ballasting
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cycle, collected downstream from the BWT systenofeihg a residence time (4 days in Trial 1,
5 days in Trial 2 and 10 days in Trial 3) in the ballask$aA sampling port, downstream from
the Guardian system, established in the machinery spabe wéssel for this purpose, and was

used to process replicate samples of water for bicdbgixamination.

Examination of ‘challenge water’ immediately followiballasting/treatment

In order to obtain information on the effect of tankidence time on biota, a series of
samples (5 in Trial 1, 9 in Trials 2 and 3) were obthifftem treated and untreated (control)
tanks immediately following the initial ballasting/treent cycle (T=0). The condition/numbers
of biota in these samples was compared with treateduatr@ated samples collected later

following a period of residence in the ballast tanks.

Examination of treated and untreated water followincdessie time in the tanks.

Following the residence time in the tank, samplesestéd and untreated water were collected

according to the following sequence:
1. Treatedank; replicate T1la filtered/sampled at st@rt of the de-ballasting cycle.
2. Treatedtank; replicate T1b filtered/sampled at dtart of the de-ballasting cycle.
3. Treatedtank; replicate T1c filtered/sampled at gtart of the de-ballasting cycle.

4. Treatedtank; replicate T2a filtered/sampled in theddle of the de-ballasting

cycle.

5. Treatedtank; replicate T2b filtered/sampled in theddle of the de-ballasting

cycle.

6. Treatedtank; replicate T2c filtered/sampled in th@ddle of the de-ballasting

cycle.
7. Treatedank; replicate T3a filtered/sampled at &mal of the de-ballasting cycle.
8. Treatedtank; replicate T3b filtered/sampled at gl of the de-ballasting cycle.

9. Treatedtank; replicate T3c filtered/sampled at dred of the de-ballasting cycle.
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10.Untreated (Control)tank; replicate Cla filtered/sampled at thart of the de-

ballasting cycle.

11.Untreated(Control) tank; replicate C1b filtered/sampled at start of the de-

ballasting cycle.

12.Untreated(Control) tank; replicate Clc filtered/sampled at gtart of the de-

ballasting cycle.

13.UntreatedControl) tank; replicate C2a filtered/sampled in thaldle of the de-

ballasting cycle.

14.UntreatedControl)tank; replicate C2b filtered/sampled in tinéddle of the de-

ballasting cycle.

15. UntreatedControl) tank; replicate C2c filtered/sampled in tineddle of the de-

ballasting cycle.

16. Untreated(Control) tank; replicate C3a filtered/sampled at #md of the de-

ballasting cycle.

17.Untreated(Control) tank; replicate C3b filtered/sampled at #wed of the de-

ballasting cycle.

18. Untreated(Control) tank; replicate C3c filtered/sampled at #wed of the de-

ballasting cycle.

All samples were prepared for biological examinatiothini 1 h of collection. This
involved some pre-filtration of samples within the shipiachinery space, using 30 cm, 20 um
nets for zooplankton. Samples for phytoplankton and battesunts were unfiltered, although
phytoplankton samples were further concentrated bwtiittn through 10 pum filters before grow-
out and examination. These procedures are described betbwa aommary of the sampling

scheme is shown in Figure 1.



Sample Preparation and Counting.

Zooplankton.

Samples for zooplankton counting were filtered through 30gyton plankton nets
consisting of 20um mesh (nominal 50um mesh nets can @flewpassage of some >50um
organisms). During filtration, nets were submerged understineace of a 125L plastic tub to
soften the impact of the filtration procedure on thengtonic organisms. The 1L plastic bottle
that forms the “cod-end' of the net also had 20um mesitdows' to facilitate the filtration
process. Separate nets were used to sample from teeadedntreated samples, and nets were
rinsed with hot tap-water between sampling cycles. Wene also examined for tears, leaks and
imperfections and any repairs made. In the machinery shaa@ntents of each mesocosm were
filtered and concentrated to a volume suitable for mamaasport up to the cabin space where
samples were turned over to microscopists for exammatdn receiving samples from the
collection team, microscopists further concentratadpes through 10pum mesh filters to produce
volumes suitable for microscopy, usually 10-20ml. Concésdraamples were transferred via
Stempel pipets to counting wheels mounted on compound soape stages for microscopical
examination. For each sample, the appropriate multiphas applied to each count for
zooplankton densities to be expressed in terms of nuntbersganisms per metric ton (m3).
Records were kept of both alive and dead organisms insaawple, which were identified to the
extent possible to the lowest taxonomic group (see Appeddor taxonomic breakdown of
zooplankton from each cruise), and records kept of therdilmns of each group of organisms,
including maximum and minimum dimensions (pm). Dimensionsrgénisms were measures
using reticule eye-pieces calibrated against Nationaitutes of Standards and Technology
certifies beads from 10 - 200um in diameter. Sizing was fakilitated by seeding certified beads
of known diameter into counting wheels. Live-dead statas assessed as movement of the
organism, either as motility, heartbeat or movementflagellum, velum or gut, following
stimulation if necessary. This examination was supefged by the use of the vital stain Neutral
Red.



Figure 1. Schematic of Shipboard Trial sampling scheme degs for Coral Princess Trials,

2008
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Phytoplankton.

Live-dead status of phytoplankton for the determinationbalfast water treatment
efficacy remains problematic to the extent that, whitenes taxonomic groups, such as
dinoflagellates, are clearly motile, many have vegetastages that are immobile. The growth
potential of non-motile forms can only be assessed byargety of methods, including
microscopic examination of chloroplast integrity, usevitdl stain(s) and cell counts (of at least
dominant groups) following a grow-out period under optimal ghoednditions. The grow-out
period for phytoplankton usually consists of a 24h (or 48h)ogenf irradiation under
fluorescent lighting and non-limiting nutrient conditiott'ough the addition of /2 growth
medium. Phytoplankton growth may be conveniently asddsgeneasuringn vivo chlorophyll
a concentration before and after the grow-out perioldileAthis represents a useful integrative
determination of the status of the phytoplankton commuatya whole, it does not provide
information on individual taxonomic groups of phytoplankthat might have quite different
characteristics in terms of size, shape, doubling timew(dr rate) etc. Also, chlorophyll a data
cannot be interpreted in terms of published standards.

Unfiltered 1L samples for phytoplankton analyses werentdkem the same sample
stream as that used for zooplankton sampling. Each samapleamcentrated to a volume <10ml.
for examination/grow-out, using a 10um Nitex screen. &4icopic examination of
cell/chloroplast integrity was supplemented by the uddenftral Red as a vital stain. Unstained
samples examined soon after collection were compartd ‘gplits’ of the same sample that
were stained with Neutral Red. Samples following a goatvperiod were similarly examined,
with and without Neutral Red. For these trials studyvivo chlorophyll a analyses was
supplemented by individual cell counts of dominant phytoplanké@a before and after a 24h
grow-out period under fluorescent lights in ambient seawstipplemented with /2 growth
medium. Following initial examination of phytoplanktoneftwre and after grow-out) to
determine their general appearance, observations ofoptdst integrity and the activity of
motile forms, samples were preserved in Lugol's Solutinniore intensive taxonomy and
determination of cell sizes. Typically counts were mafie>200 squares of a 1000 square
counting grid,. Determination of living phytoplankton was badm on the basis of (a)
chlorophyll a analysis, (b) vital staining techniques and (txoants before and after grow-out.
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Bacteria

Samples for bacterial analyses were be taken tirgotn the unfiltered discharge from
the sampling port, and stored at temperatures just aboeirfge(1-#C) prior to and during
transport to the University of Maryland Center for Enviremtal Science, Chesapeake
Biological Laboratory, although in Trial 3 some cultgyicounting was carried out in cabin space
aboard the vessel. Bacterial culture formed the lmddscterial endpoints that were used to test
the bactericidal effectiveness of the BWT systemaatbahis vessel. The following bactericidal

endpoints were employed:

- Plate counts of cultural heterotrophic bacteria. It isplessized that only
approximately 1% of marine bacteria will culture sucagisgfand that this figure
may vary according to geographical area. This, therefaesesents only an
approximate measure of the efficacy of BWT technologyl & somewhat
variable according to geographical location.

- Primary focus was on taxonomic groups specified in réceniblished IMO
standards: colony-forming units BfColi, EnterococcuandVibrio Cholera(with
specific emphasis on virulent serotypes). Fluoresceaseebtechniques (IDEXX
Laboatories.) were employed to quantify coliforr&s,Coli and Enterococcusn
treated and untreated ballast water.

Samples were diluted an order of magnitude with sterilendeed water for the IDEXX
protocols. The established detection range for this techisgl@ — 24,190 cfu / 100 mL of sea

water sample.

Fluorescence and photometric counting of Coliform/E.e@s determined using the

IDEXX Laboratories Inc. (ME) Colisure Quantitray cosifibllowing 18h incubation at $&.

Fluorescence counting of Enterococcus was determined by XDEaboratories Inc.

(ME) Enterolert Quantitray 2000 counts following 24h incubatio 4PC.
Further details of microbiological protocols are foundapendix B.

Quantification of viableVibrio cells was facilitated by the use of Polymerase Chain
Reaction amplification techniques on refrigerated sasnplansported to the University of
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Maryland Center for Environmental Science, Chesapeakdéodcal Laboratory, Molecular

Biology Laboratory, directed by Dr. Carys Mitchelmore.

Water Quality Measurement.

The following water quality parameters were analyzednptrature, salinity, pH,
dissolved oxygen, total suspended solids, total particulateora dissolved organic carbon

phosphate, nitrate, nitrite (Trial 3) and UV transmittance

Data Handling and Analysis

Data were entered into a SAS (software) file artteader file created. This included a
factor for the calculation of volume of filtered \eat enabling raw counts to be appropriately
multiplied to compute numbers of organisms per ton of wates file is included in this report
as Appendix A. Results from biological analyses frbwse trials were compared with published
standards. Additionally, zooplankton mortalities in teeasamples will expressed in terms of
percentage removal relative to untreated controls. Aesssnent of the effect of ballast tank

residence time was also made.

Whole Effluent Toxicity (WET) Testing

In order to comply with IMO G-8 requirements for ‘enviroental acceptability of water
treated by this technology, WET tests were conductedtanmdard test organisms exposed to
treated and untreated water from Trial 3 to provide en@iinformation on possible residual
toxicity on ballast discharge, resulting from chemidamges induced by UV irradiation during

treatment. Details of these tests are provided on page 59.
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TRIAL 1, April 5 "-18", 2008

Sampling Timetable

Ballasting took place close to the port of Aruba on Apfil 8008, day 4 of a ten day
cruise. Collection of samples 1-18 (see Materials apthbvtls) commenced immediately after the
ballast pump began retrieving water from each of the céispdanks, following a residence time
in the tanks of 96h. Ballast water was be taken onédeafter the vessel left Aruba on April,9
2008) and was discharged/sampled/analyzed four days latertheftehip departed Ocho Rios,
Jamaica on April 18 Samples for bacterial examination were kept oruitd their return to the
Chesapeake Biological Laboratory on April™&cubation and grow-out of these samples
continued until April 18, 2008.

Results and Discussion.

Zooplankton.
Results of zooplankton counts are summarized in table @seTlndicated a 98.6%

mortality of zooplankton (>50pum minimum dimension) imnagelly following treatment on
ballasting relative to untreated samples collected duhagsame sampling event, and a 100%
mortality of zooplankton (>50um minimum dimension) aféeperiod of 4 days in the ballast
tank followed by UV irradiation on de-ballasting. In o@st, untreated control samples
demonstrated good survival following the 96h residence tintbertank. Overall there was no
statistical decline in control numbers relative tostheecorded from the intake water, although
largevariations in organism numbers were apparent througi®udie-ballasting cycle, reflecting

probable differences in plankton densities throughouwidter column in the tanks.
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Table 2. Summary of zooplankton results (>50pum minimum dimenan) for Trial 1 of Hyde
‘Guardian’ BWT system aboard M/V Coral Princess, April 5th-18th, 2008.

Zooplankton Alive (>50um). Dead (>50um)
Density/m’ Density/m’

Control (untreated) N=5 4531269 66166

Treated (UV + filter 6.4+6.7 1.6+3.6

during ballasting) N=5

Control (untreated) 4321345 2321236

Start de-ballast (N=3)

Control (untreated) Mid 296+343 536+385

de-ballast (N=3)

Control (untreated) End 755164 1,195+352

de-ballast (N=3)

Mean Control No. at de- 4941284 6541324

ballast

Treated (UV + filter O 125+21

during ballasting) —

(UV at de-ballasting)

Start de-ballast (N=3)

Treated (UV + filter O 131+99

during ballasting) —

(UV at de-ballasting)

Start de-ballast (N=3)

Treated (UV + filter O 75£72

during ballasting) —

(UV at de-ballasting)

Start de-ballast (N=3)

Mean treated No. at de- 110+64

ballast

Phytoplankton.

Phytoplankton counts from treated and untreated (conéeohples from T=0 and T=96h are

shown in tables 3-5. Based on microscopic examinatiofs w&lre scored as ‘live’ based on

morphological characteristics such as chloroplasgmtieand the ability to concentrate the
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Table 3. Summary of phytoplankton results (>10<50um minimum dnension) for Trial 1 of
Hyde ‘Guardian’ BWT system aboard M/V Coral Princess, April 5th-18th, 2008. T=0 data
including grow-out cell concentrations.

Phytoplankton ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Deac
(>10pum-<50um) Dinoflagellates. Diatoms. phytoplankton.  Dinoflagellates. Diatoms. phytoplankton.
Density/mL Density/ mL  Density/ mL Density/ mL Density/ mL  Density/ mL

Rep. C1, T=( 0.01 0.17 0.18 0 0 0

Rep. C2 T=( 0.0¢4 0.C62 0.07 0 0 0

Rep. C3 T=( 0.02¢ 0.13 0.1t 0 0 0

Mean ‘Live’ 0.13340.C61
Phytoplankton.

Control samples, T=0

(after grow-out) (0.45£0.023)

Rep. T1, T=( 0.01 0.072 0.c81 0 0 0

Rep. T2 T=( 0.00¢ 0.07¢ 0.08¢ 0.0C2 0.00(4 0.0C2¢

Rep. T3 T=( 0.00¢ 0.07(¢ 0.C72 0.00(4 0 0.00(4

Mean ‘Live’ 0.08(x0.0C6
Phytoplankton.

Treated samples, T=0

(after grow-out) (0.009+0.0006)
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Table 4. Summary of phytoplankton results (>10<50um minimum dnension) for Trial 1 of
Hyde ‘Guardian’ BWT system aboard M/V Coral Princess, April 5th-18th, 2008. T=96h
untreated (control) data.

Phytoplankton. ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Dead

(>10pm- Dinoflagellates. Diatoms.  phytoplankton. Dinoflagellates. Diatoms. phytoplankton.

<50um) Density/mL Density/ Density/ mL Density/ mL Density/ mL  Density/ mL
mL

Untreated Controls, T=96h

Start De- 0.0003 0.005 0.006 0 0 0

ballast. Rep.

Cla, T=96

Rep. C1b T=96 0.0003 0.005 0.005 0 0.0006 0.0006

Rep. Clc T=96 O 0.003 0.003 0 0 0

Mean C1, T = 0.004+0.002

96h samples

Mid De- 0.0003 0.019 0.019 0 0.003 0.003

ballast.  Rep.

C2a, T=96

Rep. C2b T=96 0.0008 0.014 0.015 0 0.0025 0.0025

Rep. C2¢ T=0 0.001 0.009 0.01 0 0.004 0.004

Mean C2, T = 0.015+0.005

96h samples

End De- 0.001 0.015 0.016 0.0006 0.006 0.006

ballast. Rep.

C3a, T=96

Rep. C3b T=96 0.0008 0.016 0.017 0.0003 0.004 0.004

Rep. C3c T=96 0.0006 0.021 0.021 0 0.004 0.004

Mean C3, T = 0.018+0.003

96h samples

Mean Live 0.012+0.007

Phytoplankton (n=9)

17



Table 5 Summary of phytoplankton results (>10<50pum minimum diransion) for Trial 1 of Hyde
‘Guardian’ BWT system aboard M/V Coral Princess, April 5th-18th, 2008. T=96h data
from treated samples, including 45-47h grow-out cell concentrains.

Phytoplankton. ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Dead

(>10um- Dinoflagellates. Diatoms.  phytoplankton. Dinoflagellates. Diatoms.  phytoplankton

<50um) Density/mL Density/ Density/ mL Density/ mL Density/ . Density/ mL
mL mL

Start De- 0.0006 0.004 0.004 0.0003 0 0.0003
ballast.  Rep.
Tla, T=96

Rep. T1b T=96 0.0003 0.007 0.007 0 0.0006 0.0006

Rep. T1lc T=96 O 0.006 0.006 0.0006 0 0.0006

Mean  T1, 0.006+0.002
T=06h samples (0.0010.0004)
(after  grow-

out)

After 48h 0 0.001 0.001 0 0 0
grow-out

After 48h 0 0.004 0.004 0 0.0003 0.0003
grow-out

After 48h 0.0006 0.0006 0.001 0 0.003 0.003
grow-out
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End De-
ballast.  Rep.
T3a, T=96
After 48h
grow-out

Rep. T3b T=96
After 48h
grow-out

Rep. T3c T=96
After 48h
grow-out

Mean T3, T =

96h  samples
(after  grow-
out)

Mean Live
Phytoplankton
(after  grow-
out)

0.0006

0.0003
0.0003

0.0006
0.0006

0.004

0.002

0.007
0.005

0.008
0.001

0.004

0.002

0.007
0.005

0.009
0.002

0.007+0.002
(0.003+0.002)

0.006+0.001
(n=9)

(0.002+0.001)
(n=9)

0.003

0.002

0.001
0.0006

0.0003

0.003

0.002

0.001
0.0006

0.0003

vital stain Neutral Red. Based solely on these critengial treatment (fitter + UV during

ballasting) resulted in an immediate 41% reduction in de# numbers relative to untreated

samples at T=0. However, following a 96h residence timéhe tank, untreated ‘live’ cell

numbers had fallen to 7% of the initial, untreated @defisity, and treated ‘live’ cell numbers had

fallen to 4.7% of that initial concentration (i.e. 9%a3emoval). Under such circumstances a

comparison between treated and control ‘live’ densiti€&6htprobably has little meaning as it is

clear that the ballast tank provides an inhospitable @mvient for treated and untreated cells

alike. If it is assumed that viability is best describedgogwth potential this assumption is

further reinforced by cell counts following grow-out. Caomitations of treated cells following

grow-out, shown in red in table 5, clearly indicate iufa to grow, based on the fact that they

represent a mearductionin cell numbers of 65% relative to the correspondingpdas before

grow-out. Based on growth potential, treated phytoplankt®élaicould reasonably be described

as non-viable. (Grow-out data were not available foreatéd (control) samples after 96h in the

tank). This assessment is reinforced by measurementarbphlyll a concentrations before and
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after grow-out (table 6). While some positive growth wasn in untreated control samples at
T=0, 2/3 control samples exhibited a small amount of graftdr 96h, while no growth relative
to intake water was recorded from treated sampleshatr §it=0 or T=96h.

If ‘live’ cell counts based on morphological examinatiare used as the basis for
regulatory compliance, the ‘live’ phytoplankton count B4, recorded for treated samples at
96h (table 5) would comply with both the current IMO staddzf 10 live cells per m(10 live
cells/mL) the U.S. Coast Guard Standard standard dfidd cells per (0.1 live cells/mL),
and the much more rigorous standard of e cells per i (0.01 live cells/mL) currently
employed by the state of California. We conclude thitncenbers based on counts made after
grow-out are even lower and probably best representritezion defining the term “live”, i.e.
having potential for growth.

Overall phytoplankton cell numbers were exceptionally in challenge water samples,
and we observe that, in this trial, even untreatedpsss would comply with IMO and U.S.
Coast Guard standards at discharge, but not the moreugyGalifornia standard.

Table 6. Chlorophyll a concentrationsfrom measurement of in vivo fluorescenc. (all values are mean:
of 3 determinations)

T=0 T=0, Pre grow-out chlorophyll a conc. (ug L™) chlorophyll a conc. (ug
chlorophyll a conc. (ug after 24h grow-out (T=0 + 24) L™) after 48h grow-out
LY (T=0 + 48)
Control 1 start 2.7¢ 4.3: 4.z
ballasting
Control 2 mid 1.81 1.9t 1.9¢
ballasting
Control 3 end 7.7¢ 8.5¢ 8.7¢
ballasting
Treated 1 start 1.31 0.9z 0.8¢
ballasting
Treated z mid 1 0.9¢ 0.82
ballasting
Treated end 1.1c 1 0.9¢
ballasting
T=96h T=96h, Pre grow-out Chlorophyll a conc. (ug L™) Chlorophyll aconc. (ug
Chlorophyll a conc. (ug after 24h grow-out (T=96 + L™) after 48h grow-out
LY 24) (T=96 + 48)
Control 1 start d- 1.2 1.2¢ 1.4
ballasting
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Control 2 mid de- 1.4: 1.8¢ 1.77
ballasting

Control 3 end d- 1.2¢€ 1.4¢ 1.2z
ballasting

Treated 1 start d- 1.3¢ 1.2¢ 1.22
ballasting

Treated 2 mid de- 1.31 1.27 1.1¢
ballasting

Treated 2 end d- 1.27 1.22 1.07
ballasting

Bacteria.

Based on raw counts of intestir&hterococci,and coliforms (table 7), no viable cfus of
these indicator microbes were detected in treateddtalNater samples from this trial and only
one each cfu of coliforms and Enterococci were reabrdem control samples. N¥/ibrio
choleraecells, live or dead, were found in any of the samptesnined.

Low densities of cultural bacteria were detected in botftrol and treated samples (12.2
+ 12.9cfu per 100ml. and 19.9 + 10.5 per 100ml. respectively). By @&m wfu per 100ml. had
fallen to 5 and 1 respectively (table 8).

Table 7. Trial 1. Enterococci, Vibrio cholerae and colifom counts from treated and untreated
(control) samples at T=0 and T=96h.

Coliforms E. Cali Enterrococci  Vibrio
Cholerae

Treatment Time  Replicate Large Small Large Small Large Small

Control T=0 Ci1 1 0 0 0 0 0 0
Control T=0 C2 0 0 0 0 0 0 0
Control T=0 C3 0 0 0 0 0 0 0
Control T=0 C4 0 0 0 0 0 0 0
Control T=0 C5 0 0 0 0 0 1 0
Treated T=0 T1 0 0 0 0 0 0 0
Treated T=0 T2 0 0 0 0 0 0 0
Treated T=0 T3 0 0 0 0 0 0 0
Treated T=0 T4 0 0 0 0 0 0 0
Treated T=0 T5 0 0 0 0 0 0 0
Control T=96h Cla 0 0 0 0 0 0 0
Control T=96h Ci1b 0 0 0 0 0 0 0
Control T=96h Clc 0 0 0 0 0 0 0
Control T=96h C2a 0 0 0 0 0 0 0
Control T=96h C2b 0 0 0 0 0 0 0

N
=



Control
Control
Control
Control
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated
Treated

T=96h
T=96h
T=96h
T=96h
T=96h
T=96h
T=96h
T=96h
T=96h
T=96h
T=96h
T=96h
T=96h

C2c
C3a
C3b
C3c
Tla
Tlb
Tlc
T2a
T2b
T2c
T3a
T3b
T3c
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Table 8. Trial 1. Cultural bacteria in treated and untreated (control) samples at T=0 and
T=96h. (10ml. samples were filtered through 0.45um. Plates weread after 72h incubation
at 25’

Colony Colony Colony

forming forming forming

units units units

100% 10% 1%
Treatment Time Replicate

Control T=0 Ci1 8 2 0
Control T=0 C2 34 2 2
Control T=0 C3 4 0 0
Control T=0 C4 2 0 0
Control T=0 C5 13 1 0
Treated T=0 T1 33 1 0
Treated T=0 T2 27 3 0
Treated T=0 T3 18 0 0
Treated T=0 T4 11 1 0
Treated T=0 T5 8 0 0
Control T=96h Cla 2 0 0
Control T=96h Ci1b 3 3 1
Control T=96h Clc 8 0 0
Control T=96h C2a 19 2 0
Control T=96h C2b 3 3 0
Control T=96h C2c 3 0 0
Control T=96h C3a 0 0 0
Control T=96h C3b 3 1 0
Control T=96h C3c 4 0 0
Treated T=96h Tla 2 0 0
Treated T=96h Tlb 0 0 0
Treated T=96h Tilc 0 0 0
Treated T=96h T2a 0 0 0
Treated T=96h T2b 5 0 0
Treated T=96h T2c 0 0 0
Treated T=96h T3a 0 0 0
Treated T=96h T3b 0 0 0
Treated T=96h T3c 2 0 0
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Water Chemistry.

Ballast water during trial 1 was taken from near Arubabdaon April 8" 2008. The salinity of
challenge water (untreated water at T=0) varied betv&&4 — 37.1 PSU (mean 36.8), water
temperatures ranged from 25.2 — 2@C0(mean 26.8) and pH from 7.3-7.4. Dissolved oxygen
(DO) concentrations ranged from 5.4m@ to 6.6mg [* (mean 6.0mg t). DO and pH
measured in ballast water immediately after treatriEn0) showed no noticeable change from
untreated water (table 9). UV transmittance was detexhto be 95% in untreated water at T=0
Nutrient levels in challenge water extremely low, iaggbetween 0.6 — 1.2 pg'lfor nitrate and
2.2 — 4.0 pg L for phosphate. A higher nitrate level (9.72u9) lwas recorded from treated
samples at T=0.

Table 9. Trial 1. Water Chemistry in untreated challeng water and treated ballast water at time of
ballasting (T=0) near Aruba, April 8", 2008. (DO = Dissolved 02; TSS = Total Suspended Solids;
POC - Particulate Organic Carbon; DOC = Dissolved OrganicCarbon; NO3; = Nitrate; PO, =
Phosphate)

pH DO Salinity | Temp( | TSS POC DOC NO3 PO,

(mgLh [ Psu) |°0 (mgLh | (mgL? (mgL?h | (MNL?Y) | (ugP L)
C1, T=0| 7.3 6.47 36.8 26.8 4.124¢0.09 3.24+0.38 1.37+0.11.1+0.4 2.8104
(begin
ballast)
C2, T=0 (mid 4.51+0.20| 2.58+0.62| 0.85+0.05 0.6x0.2 4.0£0.5
ballast)
C3, T=0 (end 4.46+0.38| 2.56+1.16| 0.92+0.07 1.2+0.8 2.2104
ballast)
T1, T=0| 7.4 5.41 4.50+0.23  3.00+0.90 1.75+0.36  9.7+0/37 4.4+0.7
(begin
ballast)

GENERAL CONCLUSIONS (Trial 1).

Plankton densities in challenge water reflect oligaitio conditions typified by low
zooplankton and phytoplankton densities. However, zooplardeosities in untreated challenge
water did exceed the value of 10 x D-2 required by IMO G8 gueel Based on results
obtained from the first trial, the Hyde ‘Guardian’ gyst would comply with those portions of
IMO Regulation D-2 and current California regulationsatieg to plankton. Viable bacteria,
measured as colony forming units (cfu) of named indicbaateria were within the prescribed
limits published in current IMO Regulation D-2, U.S.C.&d &alifornia regulations. Only 1 cfu
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each of coliforms intestinal Enterococci were detdah untreated samples and none were seen
in any treated samples. Culturable heterotrophic bacteuibers were low in both treated
samples, and actually decreased in both treated andatautreamples between T=0 and de-
ballasting at T=96h. Cfus in treated samples declined mapielly than in untreated samples
over this time. At the time of de-ballasting treated antreated samples contained 10 cfu/100
ml. and 50 cfu/100 ml. respectively. No determination was neddeerformance of the BWT

system against viruses, as per California regulations.
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TRIAL 2. June 30" — July 13", 2008

Sampling Timetable.

In Trial 2 the same matched pair of ballast tanks (5PwWaS employed as in Trial 1, i.e.
tank (5S) was used for treated ballast water and the (BR9rfor untreated water. Ballasting
took place southeast of the port of Whittier, AlaskaJaty T, 2008, day 2 of an eight day
cruise. As with Trial 1, tanks 5S and 5P were filled witated and untreated water respectively,
as per normal ballasting procedure, and for untreated ssmydger followed the same path as
the treated samples, except that the filter was lsggzhand the UV unit was deactivated during
the ballasting of the untreated tank.

Sample collection.

The same sampling regime was adopted as for Triad.13i.'in tank’ replicates x 3 time
period (during the de-ballasting operation) x 2 treatmest tfieated/untreated), except that nine
untreated samples and seven treated samples were edbthiom the respective tanks
immediately following the initial ballasting/treatmerycle. In the second trial a residence time
of 114h elapsed before samples were retrieved fromtdhks according to the sequence
previously described. Ballast water was taken up/treatedathafter the vessel left Whittier on
July ¥, 2008, and was discharged/sampled/analyzed 4.5days later thefteship departed
Ketchekan on July'® Samples for bacteriological analysis were kepterféllowing collection
and accompanied the scientific team to Dr. Mitchelmoltalsoratory at the University of
Maryland Center for Environmental Science, Chesapeakdoddcal Laboratory, Solomons,
Maryland. Culture and analysis of these samples asedinintil July 1% 2008.

Preparation of samples for biological examinationofe#d procedures described for
Trial 1 (see Figure 1.) Methods for sample examinatiod analysis were as previously
described.
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Results and Discussion

Zooplankton.
Results of zooplankton counts are summarized in table 4€ulfR indicated a 99.99%

mortality/removal of zooplankton (>50um minimum dimengioimmediately following
treatment on ballasting relative to untreated sampiésated during the same sampling event.
Samples were characterized by a dramatic differencbiamass between the treated and
untreated samples. In treated samples a mean of 1.14rjanisms >50um in minimum
dimension per ton were found at T=0. No dead organisms fwand in this size range in treated
samples, indicating that the large majority were negdoby the filter. In control samples at T=0,
15,373+6118 live organisms >50um and 141+117 dead organisms >50um per tdownwerdt

is of interest to note that the live density of organsiss50um in the challenge water showed a
35-fold increase relative to the much more oligotrophindd@mns encountered in Caribbean
waters during the first, April 2008, trial.

Unlike trial 1, there was a dramatic (98.4%) decline in a@umbers of live organisms
in the untreated (control) tank after the 114h resideperiod. Both treated and untreated
samples retrieved from the tanks after 114h were quiterelnt in character from the samples
examined at T=0. In treated samples, after 114h in the #amad following UV irradiation on de-
ballasting, numerous zooplankters in the >50pum minimunedson size range were found in
treated samples, although these all appeared to be depdigad by motility and many had
begun to disintegrate. Many of these organisms were notis¢éke T=0 untreated samples, and

we conclude that many were living in the tanks beforestag of the trial.
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Table 10. Summary of zooplankton results (>50um minimum dimensn) for Trial 2 of
Hyde ‘Guardian’ BWT system aboard M/V Coral Princess, June 3d" — July 8", 2008.

Alive (>50um). | Dead (>50um)
Zooplankton Density/n? Density/nt
Control (untreated) N=9 15,3731+611 1414117
Treated (UV + filter | 1.14+42.¢ 0
during ballasting) N=7
Control (untreated) Start | 504135¢€ 0
de-ballast (N=3)
Control (untreated) Mid | 464+67C 1,123+572
de-ballast (N=3)
Control (untreated) End | 43474 9714654
de-ballast (N=3)
Mean control (untreated) | 337441 698+68:
No. at de-ballast
Treated (UV + filter | O 75120
during ballasting) — (UV
at de-ballasting) Start de-
ballast (N=3)
Treated (UV + filter | O 25€+374
during ballasting) — (UV
at de-ballasting) Mid de-
ballast (N=3)
Treated (UV + filter | O 5329
during ballasting) — (UV
at de-ballasting) End de-
ballast (N=3)
Mean treated No. at d- | O 288+27+
ballasting

Counts indicated live residuals of smaller zooplanktongtkat majority of which were
marine nematodes, in both treated and untreated satagkss at 114h, although these did not
fall into the >50um size category. Live/dead nematode pwsnlare shown in table 11.
Nematode numbers were almost completely absent fremlrt0 samples, and were seen to
increase in T=114h samples from the beginning to the etiek @le-ballasting cycle, reflecting a
probable difference in plankton densities throughout theemwcolumn in the tanks. The most
likely explanation for this is that, as the tank approa@rapty, increasing numbers of organisms
living in or on the surface of the residual sedimentstireed up and appear in the later samples.
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In trial 1 it was noted that overall zooplankton densiiethe end of the de-ballasting cycle were
nearly double those at the beginning of the de-ballastinde,cyerhaps reflecting a similar
phenomenon, although it was noteworthy that no nemateeesfound in trial 1 samples.

Table 11. Densities of living nematode worms in treated anchtreated samples.
Trial 2. June 30"-July 11™ 2008.

Nematode densities (concentrations per

Live Dead
T=0h
Control 0 0
Treated 0 0
T=114h
Control (untreated). Start de-ballast | O 0
(N=3)
Control (untreated) Mid de-ballast | O 0
(N=3)
Control (untreated) End de-ballast | O 11415
(N=3)
Treated (UV + filter during | O 0
ballasting) — (UV at de-ballasting).
Start de-ballast (N=3)
Treated (UV + filter during | 2727 69498
ballasting) — (UV at de-ballasting)
Mid de-ballast (N=3)
Treated (UV + filter during | 80+39 160+48
ballasting) — (UV at de-ballasting)
End de-ballast (N=3)

Phytoplankton.

Phytoplankton counts from treated and untreated (coraeshples from T=0 and T=114h are
shown in tables 12-15. Based on microscopic examinatidis, were scored as ‘live’ based on
morphological characteristics such as chloroplasgmtteand the ability to concentrate the vital
stain Neutral Red. Unlike trial 1, initial treatment @idt+ UV during ballasting) resulted in a
dramatic (97%) reduction in live cell numbers based solelynorphological characteristics.
Following a 114h residence time in the tank, untreated tigk numbers had fallen to 30% of
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the initial, untreated T=0 density (compared with 7% ial tt). This, despite the presence of
exceptionally high numbers of apparently viable diatom$énfirst sample of this series (table
14), perhaps reflecting the release of a ‘pulse’ of ‘leells at the beginning of that sampling
sequence. After 114h treated ‘live’ cell numbers had fatlen1.9% of the initial (T=0)
concentration (i.e. 98.1% removal). As with trialtlisiclear that the ballast tank provides a poor
environment for treated and untreated cells alike. Cdrat@ns of treated cells following grow-
out, shown in red in tables 12 and 13, indicate some greayéacity in 3/9 T=0 controls and 5/9
T=0 treated samples, although taken overall cell numafkes grow-out show reductions in
control cell densities in control and treated sampes0% and 58% respectively. This is
reinforced by measurement of chlorophyll a concentrati@fisre and after grow-out (table 16).
While some positive growth was seen in untreated costmiples at T=0, treated samples at
T=0, no growth relative to intake water was recordexnfitreated samples at either T=0 or
T=114h.

If ‘live’ cell counts based on morphological examinatiare used as the basis for
regulatory compliance, the ‘live’ phytoplankton count of 189,5@6 nf (0.189 live cells/mL)
recorded for treated samples at 114h (table 15) would cowigiycurrent IMO standard of 10
live cells per M, (10 live cells/mL) but not the 2008 U.S. Coast Guard reguktivd live cells
per nt (0.1 live cells/mL) or the much more rigorous standartitbflive cells per m (0.01 live
cells/mL)currently employed by the state of Califorriawever, if cell counts after grow-out
are taken into account, this number falls to 75,667 pefOr076 live cells/mL; table 15 - total
phytoplankton cells after grow-out), which does complghvd.S. Coast Guard requirements of
0.1 live cells/mL). Again, California standards would na& tmet at this level, based on
morphological characteristics alone. However, aglnts after grow-out indicated a 60%
decrease in treated cell numbers compared with coatems before grow-out, indicating that
the treated phytoplankton population could not sustain grolticontrast, untreated samples
showed a small increase in numbers following grow-outdtas), which correlated closely with
chlorophylla determinations made on the same samples (table 16).
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Table 12. Summary of phytoplankton results (>10<50pum minimum anension) for Trial 2 of Hyde
‘Guardian’ BWT system aboard M/V Coral Princess, June 30"-July 8", 2008. Untreated (control)
T=0 data, including live grow-out cell concentrations (inred). Due to time constraints, dead cell
numbers were not recorded from C2 orC3 samples following growut.

Phytoplankton. | ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Dead
(>10pm- Dinoflagellates. | Diatoms. phytoplankton. | Dinoflagellates. | Diatoms. phytoplankton.
<50pm) Density/mL Density/ Density/ mL Density/ mL Density/ Density/ mL

mL mL

Rep. Cla, T=0 | 0.26 12 12.3 0 0 0
After 42h 0.77 6.5 7.3 0 0.30 0.30
growout

Rep. Clb, T=0 | 0.45 18.9 20.3 0 0 0
After42h 048 11.8 12.3 0.C3 0.0¢ 0.0¢
growout

Rep. Clc, T=0 | 0.19 174 17.6 0 0
After42h 0.36 12.7 131 0.1 0.13 0.2:
growout
Mean C1 16.8+4.1

samples(after (10.943.2)
grow-out) T

Rep. C2aT=0 | 0.39 12.8 20.2 0 0 0
After42h 045 29.2 30.C 0 0.0: 0.0:
growout

Rep. C2b, T=0 | 0.64 35 3.€ 0 0.0¢ 0.0¢
After42h 0.29 6.8 7.1 0 0.1: 0.1:
growout

Rep. C2¢, T=0 | 0.74 4.8 5.€ 0 0 0
After42h 0.13 3.7 3.6 0.1 0.1: 0.2:
growout
Mean C2 9.8+9.C

samples(after 13.5+14.1
grow-out)

Rep. C3g, T=0 | 0.97 2.5 2.€ 0 0 0
After42h 0.22 74 7.€ 0 0.4C 0.4C
growout

Rep. C3b, T=0 | 0.12 2.3 2.4 0 0 0
After42h 0.21 0.88 1.1 0 0.0¢ 0.0¢
growout

Rep. C3¢c, T=0 | 0.14 2.7 2.8 0 0.0z 0.0z
After42h 0.17 24 2.€ 0.07 0.1 0.1¢€
growout
Mean C3 2.6+0.22

samples(after 3.8+£3.4
grow-out)
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Mean ‘Live’
Phytoplankton

( after grow-
out)

Table 13. Summary of phytoplankton results (>10<50um minimungimension) for Trial 2 of Hyde
‘Guardian’ BWT system aboard M/V Coral Princess, June 3¢"-July 8", 2008. Treated (control) T=0

samples, including live grow-out cell concentrations (ined).

Phytoplankton ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Dead

(>10um- Dinoflagellates. Diatoms.  phytoplankton. Dinoflagellates. Diatoms.  phytoplankton

<50um) Density/mL Density/  Density/ mL Density/ mL Density/ . Density/ mL
mL mL

Rep. Tla, T=0  0.12 0.0¢ 0.1¢ 0 0 0

After42h 0.0¢ 0.1C 0.1: 0.0¢ 64,500.0€0  0.1:

growout

Rep. Tlb, T=0  0.0Z 0.0t 0.07 0 0 0

After42h 0.1C 0.0¢ 0.1: 0.0¢ 0 0.0¢

growout

Rep. Tlc, T=0  0.1f 0 0.1¢ 0 0 0

After42h 0.0¢ 0.4¢ 0.51 0 0.0¢ 0.0¢

growout

Mean treated 0.14+0.0¢

No. at T=0

(after grow-out) 0.26+0.22

Rep. T2, T=0  0.12 0.22 0.3t 0 0 0

After42h 0.2¢ 0.2 0.5z 0.14 0 0.14

growout

Rep. T2b, T=0  0.0¢ 0.22 0.3( 0.0¢ 0.0¢ 0.11

After42h 0.32 0.4 0.71 0.0z 0.1C 0.1:

growout

Rep. T2¢, T=0  0.1< 0.2¢ 0.3¢ 0 0 0

After42h 0.0¢ 0.1: 0.21 0 0 0

growout

Mean treated 0.35+0.0¢

No. at T=0

(after grow-out) 0.50+0.28

Rep. T3, T=0  0.1¢ 0.0¢ 0.2¢ 0 0 0

After42h 0.1¢ 0.21 0.3¢ 0.1: 0.0¢ 0.1¢

growout

Rep.T3b, T=0  0.3Z 0.32 0.64 0 0.0t 0.0t

After42h 0.1¢ 0.14 0.3¢ 0.14 0.0¢ 0.2

growout

Rep. T3¢, T=0 0.0 0.61 0.61 0.0z 0.1C 0.12

After42h 0.1C 0.0¢ 0.1: 0.0¢ 0.0¢ 0.0¢

growout
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Mean treated 0.52+0.2¢
No. at T=0 0.27+0.13

after grow-out

Table 14. Summary of phytoplankton results (>10<50um minimum dnension) for Trial 2 of Hyde
‘Guardian’ BWT system aboard M/V Coral Princess, June 30"-July 8", 2008. T=114h untreated
(control) samples. Due to time constraints, dead cell mbers were not recorded from C3 samples
following grow-out.

Phytoplankton.  ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Dead
(>10pm- Dinoflagellates.  Diatoms. phytoplankton. Dinoflagellates. Diatoms. phytoplankton.
<50um). Density/mL Density/ Density/ mL Density/ mL Density/ Density/ mL

Untreated, mL mL
T=114h

Rep. C1b 0.02¢ 0.6 0.6¢ 0 0.02¢ 0.02¢
T=114h
After 42h grow- O 0.3¢ 0.3¢ 0.0¢ 0.0¢ 0.1
out

Mean C1, T= 6.¢+10.¢
114h samples

After grow-out 6.6+8.6

Rep. C2b 0 0.62 0.62 0 .0.0Z 0.0z
T=114h
After 42h grow- 0O 0.7¢ 0.7¢ 0 0.04 0.04




out

Mean C2Z, T= 0.74£0.1¢
114h samples

After grow-out 1.04+0.21

Rep. C3b 0.17 1.1C 1.3C 0 0.0z 0.2t
T=114h
After 42h grow- 0.14 1.2¢ 1.4C
out

Mean C3, T= 1.¢x0.2¢
114h samples

After grow-out 1.2+0.17

w
h |



Table 15 Summary of phytoplankton results (>10<50pum minimum danension) for Trial 2 of Hyde
‘Guardian’ BWT system aboard M/V Coral Princess, June 3("-July 8", 2008. T=114h data from
treated samples, including grow-out cell concentrations.

Phytoplankton.  ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Dead
(>10pum-<50um) Dinoflagellates.  Diatoms. phytoplankton.  Dinoflagellates. Diatoms. phytoplankton.
Treated, T=114h Density/mL Density/ Density/ mL Density/ mL Density/ Density/ mL

I
=
3
=

Rep. T1lb, 0.0 0.21 0.2: 0 0.0¢ 0.0¢
T=114h
After42h 0.0z 0.0t 0.0t 0.0z 0.07 0.0¢
growout

Mean T1, T= 0.21+0.0¢
114h samples

After grow-out 0.05+0.007

Rep. T2b, O 0.1¢ 0.1¢ 0 0 0
T=114h
After42h 0 0.0¢ 0.0¢ 0 0 0
growout

Mean T1, T= 0.17£0.0¢
114h samples

After grow-out 0.06+0.03
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Rep. T3b, O 0.1¢ 0.1¢ 0 0 0
T=114h
After42h 0 0.1Z2 0.1 0 0 0
growout

Mean T3, T= 0.1¢+0.0¢
114h samples
(After grow-out) (0.12+0.04)




Table 16. Trial 2. Chlorophyll a concentrations from measurement of in vivo fluorescence
(all values are means of 3 determinations)

T=0

Control 1

start ballasting
Control 2

mid ballasting
Control 3

end ballasting
Treated 1
start ballasting
Treated 2

mid ballasting
Treated 3

end ballasting
T=114h

Control 1
start de-ballasting
Control 2
mid de-ballasting
Control 3
end de-ballasting
Treated 1
start de-ballasting
Treated 2
mid de-ballasting
Treated 3
end de-ballasting

T=0, Pre

chlorophyll

(Mg LY
1.32

2.2

1.43
0.38
0.47
0.42

Pre

chlorophyll

(Mg L)
0.46

0.56
0.57
0.021
0.017

0.016

grow-out

a conc.

grow-out

a conc.

chlorophyll a conc. (ug
L™) after 24h grow-out
(T=0 + 24)

1.36

2.54
1.65
0.24
0.32
0.27

chlorophyll a conc. (ug
L) after 24h grow-out
(T=114 + 24)

0.48

0.65
0.63
ND

ND

ND

chlorophyll a conc. (ug L
) after 42h grow-out
(T=0 + 42)

1.38

2.9
1.84

0.1
0.14

0.09

chlorophyll a conc. (ug L
Y after 42h grow-out
(T=114 + 42)

0.49

0.71
0.72

ND
ND

ND
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Bacteria.

No coliform bacteria, including. Coli, were detected in any treated or untreated samples

in this trial. Treated and untreated samples collectedemimately following ballasting/treatment

were all negative for intestinal enterococci, althobgth large and small cfus of Enterococci

were detected in both untreated and treated samplésveel from ballast tanks following a

residence time of 114h (table 17). Nibrio choleraecells were detected in any of the samples

examined.

No determination was made of performance of the BW1Tesysgainst viruses, as per

California regulations.

Table 17. Trial 2. Enterococci, colifoms and Vibrio cholerae from treated and untreated

(control) samples at T=0 and T=114h.

Coliforms E. Coli Enterrococci Vibrio
cholerae

Treatment Time Replicate Large Small Large Small Large Small
Control T=0 Cla 0 0 0 0 0 0 0
Control T=0 Cib 0 0 0 0 0 0 0
Control T=0 Clc 0 0 0 0 0 0 0
Control T=0 C2a 0 0 0 0 0 0 0
Control T=0 C2b 0 0 0 0 0 0 0
Control T=0 C2c 0 0 0 0 0 0 0
Control T=0 C3a 0 0 0 0 0 0 0
Control T=0 C3b 0 0 0 0 0 0 0
Control T=0 C3c 0 0 0 0 0 0 0
Treated T=0 Tla 0 0 0 0 0 0 0
Treated T=0 T1b 0 0 0 0 0 0 0
Treated T=0 Tlc 0 0 0 0 0 0 0
Treated T=0 T2a 0 0 0 0 0 0 0
Treated T=0 T2b 0 0 0 0 0 0 0
Treated T=0 T2c 0 0 0 0 0 0 0
Treated T=0 T3a 0 0 0 0 0 0 0
Treated T=0 T3b 0 0 0 0 0 0 0
Treated T=0 T3c 0 0 0 0 0 0 0
Control T=114h Cla 0 0 0 0 2 0 0
Control T=114h Cib 0 0 0 0 1 3 0
Control T=114h Clilc 0 0 0 0 1 0 0
Control T=114h C2a 0 0 0 0 0 3 0
Control T=114h C2b 0 0 0 0 2 0 0
Control T=114h C2c 0 0 0 0 0 2 0
Control T=114h C3a 0 0 0 0 0 0 0
Control T=114h C3b 0 0 0 0 0 0 0
Control T=114h C3c 0 0 0 0 0 0
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Treated T=114h T1la 0 0 0 0 2 0 0
Treated T=114h Tib 0 0 0 0 1 0 0
Treated T=114h Tic 0 0 0 0 1 0 0
Treated T=114h T2a 0 0 0 0 6 1 0
Treated T=114h T2b 0 0 0 0 0 0 0
Treated T=114h T2c 0 0 0 0 5 2 0
Treated T=114h T3a 0 0 0 0 3 1 0
Treated T=114h T3b 0 0 0 0 2 2 0
Treated T=114h T3c 0 0 0 0 4 1 0

Culturable heterotrophic bacteria showed markedly diffecbaracteristics in the second trial,
compared with Trial 1. Numbers of cfus varied from 2->200=%0 controls, which did not differ
significantly from treated samples examined at T=0.rA&te144h residence time in the ballast
tanks, both treated and untreated samples showed eleaists, although this was particularly
evident in treated samples where, in all but one é&si sample investigators had to estimate the
cfus as either >100 or >200 (table 18).

Table 18. Trial 2. Culturable bacteria counts from treated ad untreated (control) samples
at T=0 and T=114h.

Colony- Colony-forming Colony-

forming Units  Units forming Units

100% 10% 1%

Trial 2 Treatment Time Replicate

Control T=0 Cla 3 0 0
Control T=0 Cilb 5 7 1
Control T=0 Clc 18 4 0
Control T=0 C2a >200 23 2
Control T=0 C2b 8 3 2
Control T=0 C2c 2 1 0
Control T=0 C3a 45 4 0
Control T=0 C3b 74 5 0
Control T=0 C3c 4 0 0
Treated T=0 Tla 23 2 0
Treated T=0 T1b 4 3 0
Treated T=0 Tlc 4 0 0
Treated T=0 T2a 84 8 0
Treated T=0 T2b 9 0 0
Treated T=0 T2c 1 0 0
Treated T=0 T3a 8 3 0
Treated T=0 T3b 56 3 1
Treated T=0 T3c 5 0 0




Control T=114h Cla >200 28 6

Control T=114h C1b 64 6 0
Control T=114h Clc 81 0 0
Control T=114h C2a >200 34 3
Control T=114h C2b 86 13 1
Control T=114h C2c 94 9 1
Control T=114h C3a 81 11 1
Control T=114h C3b 8 0 0
Control T=114h C3c 15 3 0
Treated T=114hTla >200 25 2
Treated T=114h Ti1b >200 24 3
Treated T=114hTlc >100 10 2
Treated T=114h T2a >200 17 5
Treated T=114hT2b >200 23 1
Treated T=114h T2c >100 17 5
Treated T=114hT3a >200 38 4
Treated T=114h T3b >100 11 0
Treated T=114h T3c 35 13 1

Water Chemistry.

Ballast water during trial 2 was taken south of Whittdaska on July %, 2008. The salinity of
challenge water was 30.8 — 31.9 PSU, water temperatamged from 12.1 = 14°@ and pH
from 8.25 — 8.36. Dissolved oxygen (DO) concentrations ranged .85 mg [* to 10.46 mg
L? (table 19). Total Suspended Solids (TSS) ranged from 5.37 -im9c®&llenge water, with a
tendency to the higher value early in the ballastinglecyA similar pattern was seen in
Particulate Organic Carbon (POC) levels, which rangednf3.62 — 7.28 mg t UV
Transmittance was high (94%).

Nutrient levels in challenge water were significantiytar in the first trial, reflecting the

overall greater productivity at this ballasting location.
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Table 19. Trial 2. Water Chemistry in untreated challengewvater and treated ballast water at time
of ballasting (T=0) near Whittier AK, July 1% 2008. (DO = Dissolved O2; TSS = Total Suspended
Solids; POC — Particulate Organic Carbon; DOC = Dissolvé Organic Carbon; NO; = Nitrate; PO,

= Phosphate)

pH | DO Salinity | Temp | TSS POC DOC NO; PO,
(mgLh [(PSU) [(°C) |[(mgL™h | (mgL?h | (mgL™) | (ugNL™ | (ugP L™

Cla, T=0| 8.36 | 6.85 30.8 14.0 9.95+0.0p 7.28+0.34 1.34+0{03 21.3+6.7 22.448.7
(begin ballast)

C2a, T=0 (mid | 8.29 5.51+0.20| 3.62+0.29 1.33+0.07 24.74¢5.5 12.5+0.8
ballast)

C3a, T=0 (end| 8.25 5.37+0.18| 4.0+0.15 1.72+0.73 11.0+3.p 13.2+4.2
ballast

T1a, T=0| 8.25| 10.46 31.9 12.1
(begin ballast)

T2a, T=0 (mid | 8.32
ballast)

T3a, T=0 (end| 8.35
ballast

GENERAL CONCLUSIONS (Trial 2)

Plankton concentrations in challenge water reflecteghdni densities of organisms
compared with trial 1. However, zooplankton densities tmeated challenge water did exceed
the value of 10 x D-2 required by IMO G8 guidelines. Basedethesults, the Hyde Guardian
system would comply with those portions of IMO Regulatib-2 and current California
regulations relating to plankton.

The appearance of intestinal Enterococci in sampidlected at de-ballasting although
none were detected in any T=0 samples poses a problantegiretation. Clearly, no live
enterococci were introduced into the tanks, i.e. norre wetected in T=0 samples. We therefore
interpret the appearance of these bacteria at detbadlass the result of their association with
planktonic organisms present in the tanks before thetoak place. As with the culturable
heterotrophic bacteria, treatment was actually assdcwith anincreasein bacterial flora
relative to controls. Mean numbers of Enterococciew#® cfus per 100ml. and 36 cfus per
100ml. for untreated and treated samples respectivelgeldmta are consistent with the unusual
nature of the samples collected during de-ballasting. ®asmpere characterized by a large
amount of flocculated material, particularly in theatesl tank, including several specimens of

decaying zooplankton, some >>1000um in the smallest dimension
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TRIAL 3. September 17"-October 6th, 2008

Sampling Timetable.

In Trial 3 the same matched pair of ballast tanks (5Pw&S)employed as in Trials 1 and 2, i.e.
tank (5S) was used for treated ballast water and the (8R¢ for untreated water. The scientific
team joined the vessel in Long Beach, CA on SeptemB¥r Ballasting took place on
September 19 2008, day 3 of a seventeen day cruise. As with Trialsd12a tanks 5S and 5P
were filled with treated and untreated water respectiasiyper normal ballasting procedure, and
for untreated samples, water followed the same patheaSeated samples, except that the filter
was by-passed and the UV unit was deactivated during tlestiadl of the untreated tank.

Sample collection.

The same sampling regime was adopted as for Trigd.2 3i.'in tank’ replicates x 3 time
period (during the de-ballasting operation) x 2 treatmest tfieated/untreated), except that nine
samples were obtained from both untreated and treatkd tamediately following the initial
ballasting/treatment cycle. In the third trial a desice time of 10 days elapsed before samples
were retrieved from the tanks in Aruba Harbor on Sepeen2d’, according to the sequence
previously described. For trial 3, Dr. Carys Mitchelmargl graduate student Jon Bearr joined
the scientific team and performed all coliform and Eoteccus assays, and culturable
heterotrophic bacterial assays for T=0 and T=10 Day ssmpl an air-conditioned passenger
cabin. Other samples were carried over ice to the Urtyerf Maryland Center for
Environmental Science, Chesapeake Biological Laborateoyomons, Maryland for further
analysis. Culture and analysis of these samples codtimté October 8, 2008.

Otherwise, preparation of samples for biological exatdon followed procedures
described for previous trials (see Figure 1.) Methods fopkaaexamination and analysis were as
previously described.
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Results and Discussion

Zooplankton.
Results of zooplankton counts are summarized in tableTB8se indicated 100%

mortality of zooplankton (>50pum minimum dimension) imnagelly following treatment on
ballasting relative to untreated samples collected duhegsame sampling event (T=0). Unlike
Trial 1 and similar to Trial 2 a massive die-off (99.7%) zobplankton in the >50um size
category was recorded in the untreatadk at the time of de-ballasting (T=10 days) and no
survivors in this size class appeared in the treated Ydhlke some smaller zooplankton, largely
nematodes, survived, these fell into the >10 - <50pumcairegory. These organisms appeared
only in the last sample taken and may have reflectee se-suspension from sediment present
in the bottom of the tank. Such a conclusion is suppdiyethe fact that nematodes appeared
only at the end of the de-ballasting process, whenahasb tank was nearly empty (Table 21).

Table 20. Summary of zooplankton results (>50um minimum dimensn) for Trial 3 of
Hyde ‘Guardian’ BWT system aboard M/V Coral Princess, September 1#-October 6",
2008.

Alive (>50pum). Dead (>50um)

H 3 : 3
Zooplankton Density/m Density/m
Control (untreated) 1,391+918 1924233
during ballasting N=9
Treated (UV + filter O 11+4
during ballasting) N=7
Control (untreated) 24+0 32+16
Start de-ballast (N=3)
Control (untreated) Mid  8+7 13+19
de-ballast (N=3)
Control (untreated) End 16+17 13+10
de-ballast (N=3)
Mean Control No. at de- 16+13 20+18
ballasting
Treated (UV + filter O 0

during ballasting) —
(UV at de-ballasting)
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Start de-ballast (N=3)

Treated (UV + filter O 34
during ballasting) —

(UV at de-ballasting)

Mid de-ballast (N=3)

Treated (UV + filter O 34
during ballasting) —

(UV at de-ballasting)

End de-ballast (N=3)

Mean Treated Nos. at O 1.8+3.5
de-ballasting

Table 21. Densities of living nematode worms in treated and treated samples.
Trial 3. September 17'-October 6", 2008.

Nematode densities (concentrations per

Live Dead

T=0h

Control 615 0
Treated 0 0
T= 10 Days

Control (untreated). Start de- 0 0
ballast (N=3)

Control (untreated) Mid de- O 0
ballast (N=3)

Control (untreated) End de- O 0
ballast (N=3)

Treated (UV + filter during O 0

ballasting) — (UV at de-
ballasting). Start de-ballast (N=3)

Treated (UV + filter during O 0
ballasting) — (UV at de-
ballasting) Mid de-ballast (N=3)

Treated (UV + filter during 3#4 13+14
ballasting) — (UV at de-
ballasting) End de-ballast (N=3)
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Phytoplankton.

Phytoplankton counts from trial 3 are shown in tables 2%. Due to time constraints a
full suite of grow-out data was only available for uatesl samples collected at ballasting (table
22). Only three treated samples at T=0 were subjectedto-gut (table 23). At de-ballasting
(T=10 Days), grow-out information was obtained from footreated and four untreated samples
each (tables 24 and 25).

Based on morphological characteristics treated sangile=0 treated samples show a
77% reduction in live cell counts relative to untreated sasagLive’ cell numbers following
grow-out had fallen to 2,469,4007r(2.4 cells/mL) and 1,181,737%1.2 cells/mL) in control
and treated samples respectively. Following a 10 dagleese period in the tank both treated
and untreated samples showed a >50% drop in live cell nsnilssed on morphological
characteristics, relative to corresponding T=0 sampleowing grow-out, further reductions of
55% and 83% in ‘live’ cell numbers were reported from uméetaand treated samples
respectively. Based on grow-out data the number of viadle m T= 10 Day treated samples
after grow-out exceeded by 3% the 2008 standard published by @eCbast Guard and the
state of California, 103,000 live cells/nf0.103 cells/mL) vs. 100,000 live cells/rt0.100
cells/mL). However, this number represents an 83% dexr@asell numbers relative to pre-
grow-out concentrations, indicating a predominantly -miafle phytoplankton population in
treated samples.

Chlorophyll a concentrations (table 26) indicate a small degree oft@rgotential in
untreated samples at T=0, although treated samples appearable as demonstrated by a 75%
decrease in chlorophyll a following a 48h grow-out periode’ A0 days residence in the ballast
tank, untreated samples demonstrated no growth potential (B@%ease in chlorophyk
following a 48h grow-out period), while treated samplaBciated negligible chlorophyé after
10 days in the tank.
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Table 22. Summary of phytoplankton results (>10<50um minimum dimesion) for Trial 3
of Hyde ‘Guardian’ BWT system aboard M/V Coral Princess, September 18-October 6",
2008. Untreated (control) T=0 data.

Phytoplankton.  ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Dead
(>10pm- Dinoflagellates.  Diatoms. phytoplankton.  Dinoflagellates. = Diatoms. phytoplankton.
<50um). Density/mL Density/ Density/ mL Density/ mL Density/ Density/ mL
Untreated, T=0 mL mL

Rep. C1b T=0 0.4¢ 7.82 8.3z 0 0.8z 0.8z
After 48h grow- 0.1¢ 0.8¢ 1.0¢ 0 0.0¢ 0.0¢
out

Mean C1, T=0 0.51 4.5( 6.0t 0.12 0.5¢ 0.6t
samples 2.21
(0.71+

(After grow-out) 0.33)

Rep. C2b T=0 2.8 10.: 13.1 0.4 0.t 0.€
After 48h grow- 1.z 2.8 3.t 0.1 0.t 0.€
out

Mean C2, T=0 1.27i 7.7C 8.9€+4.3: 193,03 460,74 653,77
samples

(After grow-out) (3,65£1.45)

Rep. C3b T=0 1.3¢ 3.2¢8 4.5¢ 0 0.3¢ 0.3¢

After 48h grow- 0.9¢ 0.9¢ 1.9¢ 0 0.1¢ 0.1¢
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Mean C3, T=0 1.C 35 4.5+2.9¢ 0.9¢ 0.3¢ 0.4¢
samples

(After grow-out) (3.05+2.11)

47



Table 23. Summary of phytoplankton results (>10<50um minimum dimesion) for Trial 3
of Hyde ‘Guardian’ BWT system aboard M/V Coral Princess, September 18-October 6",
2008. Treated T=0 data. Grow-outs were recorded for one samplaeh from T1, T2 and T3.

Phytoplankton ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Dead

(10um-50pm) Dinoflagellates.  Diatoms. phytoplankton.  Dinoflagellates.  Diatoms. phytoplankton.

Treated, T=0  Density/mL Density/ Density/ mL Density/ mL Density/ Density/ mL
mL mL

Mean T1 T=0 1.96+0.4¢
samples

1.61+0.4¢

1.4€+0.6¢




Table 24. Summary of phytoplankton results (>10<50um minimum dimesion) for Trial 3
of Hyde ‘Guardian’ BWT system aboard M/V Coral Princess, September 18-October 6",
2008. Untreated (control) T=10 Days data, including live grow-out detoncentrations (in
red). Due to time constraints, no record was made of deaxll numbers following grow-out.

Phytoplankton  ‘Live’ ‘Live’
(10pm-50um)  Dinoflagellates.  Diatoms.
Untreated Density/mL Density/
Controls, T=0 mL

Mean C1, T=10
Days

Mean C2, T=10
Days

Total ‘Live’ Dead Dead

phytoplankton. Dinoflagellates.  Diatoms.

Density/ mL Density/ mL Density/
mL

3.12+2.03

3.20+1.49

Total Dead
phytoplankton.
Density/ mL




Mean C3, T=10 0.67 1.98 2.22+1.36
Days
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Table 25. Summary of phytoplankton results (>10<50um minimum dimesion) for Trial 3
of Hyde ‘Guardian’ BWT system aboard M/V Coral Princess, September 18-October 6",
2008. Treated T=10 Days data, including live grow-out cell concentiians (in red).

Phytoplankton.  ‘Live’ ‘Live’ Total ‘Live’ Dead Dead Total Dead
(>10pm-<50um) Dinoflagellates.  Diatoms. phytoplankton.  Dinoflagellates Diatoms. phytoplankton.
Treated, T=10 Density/mL Density/ Density/ mL . Density/ mL  Density/ Density/ mL
Days mL mL

Rep. Tlb, T=10 O 0 0 2.1¢ 0.5¢ 2.7
Days

After 48h grow- O 0 0 1.7C 0.2 1.92
out

Mean T1, T=10 0.3¢ 0.3¢ 0.7£0.62 0.7¢ 0.5(C 1.2¢
Day samples

(After grow-out)

(0.140.12)

Rep. T2b, T=10 0.8¢ 1.0¢ 1.9¢ 0.1¢ 0 0.1¢
Days

After 48h grow- 0.1¢ 0.11 0.2¢ 0.1Z 0 0.1Z
out

Mean T2, T=10 0.3¢ 0.3¢ 0.7#1.1 0.12 0.4: 0.5¢
Day samples

(After grow-out)




(0.11x0.14)

Rep. T3b, T=10 O 0.2¢ 0.2¢ 0.1t 0 0.1t
Days

After 48h grow- O 0.1 0.1

out

Mean T3, T=10 O 0.4¢ 0.41+0.3¢ 0.1t 0 0.1t
Day samples
(After grow-out) (0.07+0.06)




Table 26. Trial 3. Chlorophyll a concentrations from measurement ofn vivo fluorescence.
(all values are means of 3 determinations)

T=0 T=0, Pre grow-out chlorophyll a conc. (ug chlorophyll a conc. (ug L
chlorophyll a conc. L™) after 24h grow-out ') after 42h grow-out
(g L) (T=0 + 24) (T=0 + 42)
Control 1 0.257 0.260 0.2
start ballasting
Control 2 0.180 0.221 0.220
mid ballasting
Control 3 0.171 0.231 0.24
end ballasting
Treated 1 0.141 0.051 0.044
start ballasting
Treated 2 0.142 0.049 0.034
mid ballasting
Treated 3 0.106 0.069 0.022
end ballasting
T=10 Days Pre grow-out chlorophyll a conc. (ug chlorophyll a conc. (ug L
chlorophyll aconc.  L™) after 24h grow-out %) after 42h grow-out
(Mg L™ (T=10D + 24h) (T=10D + 42h)
Control 1 0.284 0.065 0.028
start de-ballasting
Control 2 0.282 0.087 0.044
mid de-ballasting
Control 3 0.287 0.039 0.02
end de-ballasting
Treated 1 0.147 0.05 0.02
start de-ballasting
Treated 2 0.167 0.043 ND
mid de-ballasting
Treated 3 0.125 0.029 ND

end de-ballasting
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Bacteria.

No coliform bacteria orE. Coli were found in either treated or untreated samples
immediately following ballasting/treatment in Trial 8lthough a small number of cfus were
detected in untreated samples following de-ballasting 10 dégss (Table 27). No coliforms or
E. Coliwere found in any treated samples at de-ballasting, @mtestinal enterococci appeared
in any samples examined during this trial. Mbrio choleraecells were found in any samples,

treated or untreated.

Cfus of aerobic cultural bacteria were found in approetgatqual numbers in both
treated and untreated samples at T=0 (Table 28). Howsatbrshowed marked declines after 10
days in the tanks. Of the treated samples, only opgesth a positive response in terms of
cultural bacteria. All indicator bacteria were withmational and international standards. No
determination was made of performance of the BWT systgainst viruses, as per California

regulations.

Table 27 . Trial 3. Enterococci, colifoms and Vibrio cholerae from treated and untreated
(control) samples at T=0 and T=10 Days

Coliforms E. Cali Enterrococci Vibrio
cholerae

Treatment Time Replicate Large Small Large Small Large Small

Control T=0 Cla 0 0 0 0 0 0 0
Control T =0 Cilb 0 0 0 0 0 0 0
Control T =0 Clc 0 0 0 0 0 0 0
Control T =0 C2a 0 0 0 0 0 0 0
Control T =0 C2b 0 0 0 0 0 0 0
Control T =0 C2c 0 0 0 0 0 0 0
Control T =0 C3a 0 0 0 0 0 0 0
Control T =0 C3b 0 0 0 0 0 0 0
Control T =0 C3c 0 0 0 0 0 0 0
Treated T =0 Tla 0 0 0 0 0 0 0
Treated T =0 T1b 0 0 0 0 0 0 0
Treated T =0 Tlc 0 0 0 0 0 0 0
Treated T =0 T2a 0 0 0 0 0 0 0
Treated T =0 T2b 0 0 0 0 0 0 0
Treated T =0 T2c 0 0 0 0 0 0 0
Treated T =0 T3a 0 0 0 0 0 0 0




Treated T =0 T3b 0 0 0 0 0 0 0
Treated T =0 T3c 0 0 0 0 0 0 0
Control T=10 Days Cla 0 1 0 1 0 0 0
Control T=10 Days C1b 0 1 0 1 0 0 0
Control T=10 Days Clc 0 1 0 0 0 0 0
Control T=10 Days CZ2a 0 0 0 0 0 0 0
Control T=10 Days C2b 0 1 0 0 0 0 0
Control T=10 Days C2c 0 0 0 0 0 0 0
Control T=10 Days C3a 0 0 0 0 0 0 0
Control T=10 Days C3b 0 0 0 0 0 0 0
Control T=10 Days C3c 0 1 0 1 0 0 0
Treated T=10 Days Tla 0 0 0 0 0 0 0
Treated T=10Days T1b 0 0 0 0 0 0 0
Treated T=10Days Tlc 0 0 0 0 0 0 0
Treated T=10Days TZ2a 0 0 0 0 0 0 0
Treated T=10 Days T2b 0 0 0 0 0 0 0
Treated T=10Days T2c 0 0 0 0 0 0 0
Treated T=10 Days T3a 0 0 0 0 0 0 0
Treated T=10Days T3b 0 0 0 0 0 0 0
Treated T=10Days T3c 0 0 0 0 0 0 0

Table 28. Trial 3. Culturable heterotrophic bacteria countsfrom treated and untreated
(control) samples at T=0 and T=10 Days.

Colony- Colony-forming Colony-

forming Units  Units forming Units

25mL 10mL 1mL
Treatment Time Replicate
Control t=0 Cla 51 28 5
Control t=0 Cilb >100 17 4
Control t=0 Clc 30 17 3
Control t=0 C2a >100 22 1
Control t=0 C2b 9 27 7
Control t=0 C2c >100 88 15
Control t=0 C3a 2 2 0
Control t=0 C3b 0 97 24
Control t=0 C3c 6 9 1
Treated t=0 Tla >100 10 2
Treated t=0 T1b 9 5 1
Treated t=0 Tlc >100 9 6
Treated t=0 T2a 4 2 1
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Treated t=0 T2b >100 22 4

Treated t=0 T2c 3 4 0
Treated t=0 T3a 3 0 0
Treated t=0 T3b 23 10 1
Treated t=0 T3c >100 2 0
Control T=10 Days Cla 8 0 0
Control T=10 Days Cl1b 2 0 0
Control T=10 Days Clilc 4 0 0
Control T=10 Days C2a 0 0 0
Control T=10 Days C2b 8 0 0
Control T=10 Days C2c 23 4 0
Control T=10 Days C3a 12 4 0
Control T=10 Days C3b 4 1 1
Control T=10 Days C3c 0 0 0
Treated T=10 Days Tla 0 0 0
Treated T=10 Days T1b 0 0 0
Treated T=10Days Tlc 0 0 0
Treated T=10 Days T2a 0 0 0
Treated T=10 Days T2b 0 0 0
Treated T=10 Days T2c 0 0 0
Treated T=10 Days T3a 18 0 0
Treated T=10 Days T3b 0 0 0
Treated T=10 Days T3c 0 0 0

Water Chemistry.

Ballast water during trial 3 was taken south of Long Be&: California on September
19", 2008. The salinity of challenge water was 33.3 PSU,ntemeperatures ranged from 23.7 —
24.3 C and pH from 7.5 - 7.82. Dissolved oxygen (DO) concentratianged from 7.5 mgL
to 8.83 mg [* (table 28). Total Suspended Solids (TSS) ranged from 3.59 in £iallenge
water, will a tendency to the higher value early inlib#lasting cycle. A similar pattern was seen
in Particulate Organic Carbon (POC) levels, which rarfgen 2.04 — 4.37 mg L. As in earlier
trials percentage UV Transmittance was high (95%).

Nitrate levels in challenge water declined sharply ughmut the initial ballasting
sequence, from an initial concentration of 71.4ffgtd. 5.2 + 3.7 pg L. In treated samples at
T=0 nitrate levels ranged from 2.1 — 6.4 pd. lAt de-ballasting, ten days later, nitrate
concentrations in untreated, control samples varigddsn 1.2 and 18.7 ug™L However,
treated samples at T=10 days contained much higher riéxatis, possibly due to an increase in
nutrient release from dying/dead organisms in these sarftplds 29). Nitrite levels, although
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much lower, also showed a 3-4 fold increase in treatedplsa after 10 days (table 29).
Phosphate concentrations in treated samples at T= 10atkmysdicated higher concentrations
than untreated (control) samples. DOC levels waghts} higher in both treated and untreated

samples at T=0 than at T= 10 Days and showed no appal&mnship to treatment (table 29).

Table 29. Trial 3. Water Chemistry in untreated challengewvater and treated ballast water at time
of ballasting (T=0) near Long Beach CA, September 19 2008. (DO = Dissolved 02; TSS = Total
Suspended Solids; POC — Particulate Organic Carbon; DOG Dissolved Organic Carbon; NQ =
Nitrate; NO, = Nitrite; PO 4 = Phosphate)

pH DO Salinity | Temp | TSS POC DOC NOs NO, PO,

(mgL") | (PSV) (°C) | (mgL? (mg L™) (mgLh | (gNLY) | (ugNL?) | (ugP L™
C1, T=0 (begin | 7.5 8.83 333 23.7 7.3+0.176 4.37+0.1] 4.08+143 .4#17.2 | 0.8+0.2 11.6+2.3
ballast)
C2, T=0 (mid | 7.78 3.75+0.073| 2.04+0.02¢ 3.16+1.21 25.1+18.5.63£0.06 | 10.8+2.1
ballast)
C3, T=0 (end| 7.73 3.59+0.066| 2.11+0.06 1.87+0.88 5.2+3.7 0.6+ 10.8+1.0
ballast
T1, T=0 (begin | 7.82 | 7.5 333 24.3 2.45+0.89 2.4+0.5 0.6+0.0| 12.1+0.3
ballast)
T2, T=0 (mid | 7.78 3.01+#1.27| 2.1+0.8 0.6+0.0 | 13.4+0.06
ballast)
T3, T=0 (end | 7.73 2.05+0.42| 6.446.8 0.63+0.06 9.5+0.9
ballast
C1, T=10 Days 1.5+0.4 1.2+0.8 0.6+0 1.76+0.4
(begin de-
ballast)
C2, T= 10 Days 1.5+0.8 8.1+1.1 0.7+0.1 4.2+0.5
(mid de-
ballast)
C3, T=10 Days 1.38+0.4 18.7+3.2 0.77+0.15 5.2+0.9
(end de-
ballast)
T1, T=10 Days 1.3+0.2 41.6+13.8] 1.75+1.62 11.1545|6
(begin de-
ballast)
T2, T=10 Days 1.3+0.2 51.8410.3] 2.33+1.36 14.7+2.9
(mid de-
ballast)
T3, T=10 Days 1.5+0.3 52.6+11.8) 2.73+1.34  15.65+1(6
(end de-
ballast)

GENERAL CONCLUSIONS (Trial 3)

Zooplankton densities >50 pum in size range in trial 3 wait@lly only about 15% of
concentrations seen in trial 2, but still exceed G-8 Rlegions for challenge water. As in trial
2, zooplankton mortalities (>50 pm) were 100% in treated ssalT=0 in trial 3, and numbers
of untreated organisms in this size category declined pi@agly over the period of residence in

the ballast tanks.
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Phytoplankton cell numbers in trial 3 challenge waes,x 16 cells nf (6.5 cells/mL)
were approximately 2/3 of those seen in trial 2, 9.7 % cHis n? (9.7 cells/mL). However,
somewhat surprisingly, they fell less precipitously tharthe earlier trial despite a residence
time in the tank approximately twice as long. Based orphadogical characteristics, live cell
numbers at trial 3 de-ballasting, 2.81 ¢ H&lls nf (2.8 cells/mL) were comparable to the
numbers seen in trial 2 after 114h residence time 2.88 xdl3 ni (2.9 cells/mL). Based on
morphological characteristics, cell numbers in gdats. untreated samples at de-ballasting had
further decreased by respectively 93.4% and 78.2% in triald 3.dhgrow-out is considered as
a criterion for phytoplankton cell viability, the viableliccount in treated samples is further
reduced to 103,000 cells pef (8.103 cells/mL)just exceeding the U.S. Coast Guard standard
of 0.100 cells/mL) for cells in the >10 - <50um size catggbne IMO D-2 standard is easily

met for this phytoplankton population.

All indicator bacteria were within national and intational standards following

treatment.
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Test for Environmental Acceptence.

Whole Effluent Toxicity Testing.

Rationale.

Whole effluent toxicity tests were conducted on treaed untreated water samples collected
during the shipboard ballasting and de-ballasting procedureslmbzs in Trial 3. The objective
of these bioassays was to identify any residual chertogadity that could have resulted from
UV irradiation of ballast water. A new (October 10, 208 resolution adopted by the Marine
Environmental Protection Committee (MEPC 58) states:

“ -~ if it can reasonably be concluded that the treatment process cesldtrin changes to

the chemical composition of the treated water such that adverse inpactgeiving
waters might occur upon discharge, the documentation should include restdtscdly

tests of treated water. The toxicity tests should include assesswf the effects of hold
time following treatment, and dilution, on the toxicity. Toxitédgts of the treated water
should be conducted in accordance with paragraphs 5.2.3 to 5.2.7 of the Procedure for
approval of ballast water management systems that make use of ActitenSe$G9), as
revised, (resolution MEPC.169(57))”

While, to date, no potentially toxic chemical changesilteng from UV irradiation have
been identified, this resolution adopts an approach requiests for residual toxicity that
essentially follow IMO G-9 guidelines, even for systenwd involving the addition of active
substances. The resolution was adopted too late for sstihgt to be incorporated into land-
based testing of the system, which ended in July, 200&&;émree tests, one chronic (growth-
based) and two acute toxicity bioassays, were incorpoiatiethe third trial in order to provide

empirical toxicological evidence on this point.

Using the convention adopted for sample collection a@seation in this trial. Four
‘treatments’ were tested:
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Untreated, T=0
Treated, T=0
Untreated, T=10 Days
Treated, T=10 Days

As the prescribed treatment by the Hyde ‘Guardian’ systemsists of two passes
through the UV irradiation unit (on both ballastinglate-ballasting) thdefinitivecomparison is
regarded as that between treated and untreated wateinan discharge (T=10 Days).
Nevertheless, from an experimental standpoint, T=0 kmnpntreated vs. treated, also represent
a valid comparison, and provide a useful means of comgolér any possible toxic agents that
might be introduced into the water as a result of proldrsgerage in the ballast tanks.

Sample collection and storage.

For WET tests 20L of each water sample to be testadcolected in the middle of each
ballasting/deballasting operation. Thus, treated and uattda=0 samples were collected during
sequence T2a-T2c for treated samples and between sequ2adce?€ for untreated samples.
The logistics of being at sea during ballasting and dexdialy demanded a deviation from
standard U.S. EPA protocols for dealing with storage/shipmmenthole effluent test samples.
Standard practice stipulates that samples should be shippede, with the temperature not to
exceed BC. In order to preserve the integrity of the samptethe greatest degree possible it
was therefore decided to freeze the samples as soos@blpafter collection, pending toxicity
bioassays. On landing at the destination port of Foudksdale on October'? 2008 frozen
water samples in plastic ‘Cubitainers’ were transgbrd®ernight to the respective bioassay
laboratories, where samples were thawed and testingneaoed (October 2008 for larval
fish and mysid shrimp assays; Octob8 2008 for phytoplankton assay — Appendix C). Tests
were accompanied by standard water quality measuremenigelasas nitrate, nitrite and

phosphate analyses.
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The following three bioassays were performed accordingstémdardized U.S.EPA
procedures for Acute (EPA 821-R-02-012) and Chronic (EPA 821-R-02-01abshigs:

Invertebrate.

48-hour Acute Static Renewal Definitive Test using lamgbkid shrimp,Americamysis
bahia (Method 2007.0)

Vertebrate.

96-hour Acute Static Renewal Definitive Test using larvpbioelt,Atherinops affinis
(Method 2006.0)

Phytoplankton.

96-hour Chronic Static Non-renewal Definitive Test usimg tmarine brown alga
(diatom) Isochrysis galbangastrain T. Iso. (adapted from Method 1003.0)

The invertebrate and vertebrate tests were carri¢daiothe University of Maryland
Center for Environmental Science, Chesapeake Biolbgimboratory, and the phytoplankton
assay was conducted at the Maryland Department of N&Ressdurces, Harmful Algal Bloom
(HAB) Laboratory, Annapolis, MD.

Raw treatment water was subjected to a series of dilstiops with clean, reconstituted
seawater matched to the salinity of the treatment rwateorder to create a dilution series
representing 100 %, 50 %, 25 %, 12.5 %, 6.25 % of the originairesmtment water including a
negative control (reconstituted seawater) Static wahel8 h and 96 h L§ assays were
conducted on 4-day-old mysid shrimpAnjericamysis bah)a and 14-day-old topsmelt
(Antherinops affinislarvae, respectively. These organisms were obtained Aaqumatic Research
Organisms (ARO) Ltd., Maine. A culture of marine acchlieth (30PSU)Isochrysis galbana
(Tahitian strain T. Iso) was obtained from the ProvaSalllard National Center for the Culture
of Marine Phytoplankton (CCMP), Bigelow Laboratory, Nelampshire. Prior to the test the
culture was grown to log phase in the test laboratoBBRSU and ZXC. Tests were conducted
at 21°C on a 14:10 light/dark cycle
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Results of Whole Effluent Toxicity Tests.

Summary data from invertebratenericamysis bahiand vertebrat&therinops affiniassays are
given below. Neither treated nor untreated samplasgtegsin any significant toxicity to either
species. > 97% mysid shrimp survival was recorded from alplesrboth treated and untreated,
retrieved from the tanks at the time of de-ballastingpsiheelt survival in undiluted treated and
untreated water at time of discharge was 100% and 95.2%ctespe with no noticeable

toxicity associated with other treatments in the @luseries.

WET Test Summary Data.

Zooplankton.
Invertebrate Assay

(1) TEST SAMPLE ID: 10.03.08/CO/S

48 hour mysid test for C=0 control water

Initial Water Quality tests and characterization

Criteria Test Water: CO water Dilution water
Final pH (SU 8.0( 8.1¢

Salinity (ppt 33 33

Total ammonia (mg/ | 0.0(3 <0.00:
Temperature 19.€ 21.¢
Dissolved oxygen (DO mg /L 5.71 7.2

SU = standard units
ppt = parts per thousand

Ranges of water quality tests for all treatments

Criteria Treatment Waters
pH (SU; 7.93-8.1¢
Salinity (ppt 31-32

Total ammonia (mg/ | 0.00z-0.00¢
Temperature 20.0-22.:
Dissolved oxygen (DO mg /L 6.40- 7.6z

Survival of Americamysis bahia at test termination (48 hours)

% test water % survival 48-h Statistics
0 97.t LC50: N/A
6.2 10C LOEL:N/A
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12.5 95 NOEL:N/A
25 10C
50 97.t
10C 97.t

1: LC50 = median-lethal concentration (95% confidencevateas measured by the trimmed
spearman- Karber method.

2: LOEL = lowest observable effect level as measurestdésyl many-one rank method

3: NOEL = no observable effect level as measured by st@ey-one rank method

Protocol Deviations / problems:None.

1) TEST SAMPLE ID: 10.03.08/TO/S

48 hour mysid test for T=0 treated water

Initial Water Quality tests and characterization

Criteria Test Water: CO water Dilution water
Final pH (SU 8.0¢ 8.1¢F

Salinity (ppt 33 33

Total ammonia (mg/ | <0.00: <0.00:
Temperature 21.C 21.¢
Dissolved oxygen (DO mg /L 5.8¢ 7.2

SU = standard units
ppt = parts per thousand

Ranges of water quality tests for all treatments

Criteria Treatment Waters
pH (SU; 7.93-8.2i
Salinity (ppt 32-32

Total ammonia (mg / | <0.00:
Temperature 21.1-22.:
Dissolved oxygen (DO mg /L 6.05-7.62

Survival of Americamysis bahia at test termination (48 hours)

% test water % survival 48-h Statistics
0 10C LC50:N/A
6.2 97.t LOEL:N/A
12.F 10C NOEL:N/A
25 10C

50 97.t

10C 10C

1: LC50 = median-lethal concentration (95% confidencevateas measured by the trimmed
spearman- Karber method.
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2: LOEL = lowest observable effect level as measurestdésl many-one rank method
3: NOEL = no observable effect level as measured by st@ey-one rank method

Protocol Deviations / problems:None.
(1) TEST SAMPLE 1D: 10.03.08/C12/S

48 hour mysid test for C=10 Day control water

Initial Water Quality tests and characterization

Criteria Test Water: CO water Dilution water
FinalpH (SU; 8.11 8.1¢F

Salinity (ppt 30 33

Total ammonia (mg / | 0.00¢ <0.00:
Temperature 20.¢ 21.¢
Dissolved oxygen (DO mg /L 6.0¢ 7.2

SU = standard units
ppt = parts per thousand

Ranges of water quality tests for all treatments

Criteria Treatment Waters
pH (SU; 7.93-8.2¢
Salinity (ppt 29-32

Total ammonia (mg/ | 0.003-0.01¢
Temperature 21.1-22.:
Dissolved oxygen (DO mg /L 6.30- 7.62

Survival of Americamysis bahia at test termination (48 hours)

% test water % survival 48-h Statistics
0 10C LC50:N/A
6.2 97.t LOEL:N/A
12.F 10C NOEL:N/A
25 10C

50 97.t

10C 10C

1: LC50 = median-lethal concentration (95% confidencevateas measured by the trimmed

spearman- Karber method.
2: LOEL = lowest observable effect level as measurestdésyl many-one rank method
3: NOEL = no observable effect level as measured by st@ey-one rank method

Protocol Deviations / problems:None.
(1) TEST SAMPLE 1D: 10.03.08/T12/S

48 hour mysid test for T=10 Day treated water
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Initial Water Quality tests and characterization

Criteria Test Water: CO water Dilution water
Final pH (SU 7.92 8.1¢F

Salinity (ppt 33 33

Total ammonia (mg / | <0.00: <0.00:
Temperature 21.C 21.¢
Dissolved oxygen (DO mg /L 6.41 7.2

SU = standard units
ppt = parts per thousand

Ranges of water quality tests for all treatments

Criteria Treatment Waters
pH (SU, 7.93-8.27
Salinity (ppt 31-34

Total ammonia (mg/ | <0.00:
Temperature 21.4-22.:
Dissolved oxygen (DO mg /L 6.11-7.62

Survival of Americamysis bahia at test termination (48 hours)

% test water % survival 48-h Statistics
0 10C LC50:N/A
6.2 97.k LOEL:N/A
12.F 10C NOEL:N/A
25 10C

50 97.t

10C 10C

1: LC50 = median-lethal concentration (95% confidencevateas measured by the trimmed
spearman- Karber method.

2: LOEL = lowest observable effect level as measurestdésl many-one rank method

3: NOEL = no observable effect level as measured by st@ey-one rank method

Protocol Deviations / problems:None.
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Vertebrate Assay.

(1) TEST SAMPLE ID: 10.03.08/CO/F

96 hour larval fish test for T=0 control water

Initial Water Quality tests and characterization

Criteria Test Water: CO water Dilution water
Final pH (SU 8.0( 8.1¢F

Salinity (ppt 33 33

Total ammonia (mg /) 0.00: <0.00:
Temperature 19.€ 21.¢
Dissolved oxygen (DO mg /L 5.71 7.2

SU = standard units
ppt = parts per thousand

Ranges of water quality tests for all treatments

Criteria Treatment Waters
pH (SU 7.93-8.1¢
Salinity (ppt 31-32

Total emmonia (mg / L 0.00z-0.00¢
Temperature 20.0-22.:
Dissolved oxygen (DO mg /L 6.40- 7.6z

Survival of Atherinops affinis at test termination (96 hours)

% test water % survival 48-h Statistics
0 90 LC50:N/A
6.2 95 LOEL:N/A
12.F 90 NOEL:N/A
25 10C

50 95

10C a0

1: LC50 = median-lethal concentration (95% confidencevmateas measured by the trimmed
spearman- Karber method.

2: LOEL = lowest observable effect level as measurestdésyl many-one rank method

3: NOEL = no observable effect level as measured by st@ey-one rank method

Protocol Deviations / problems:None.

(1) TEST SAMPLE ID: 10.03.08/TO/F

96 hour larval fish test for T=0 treated water
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Initial Water Quality tests and characterization

Criteria Test Water: CO water Dilution water
Final pH (SU 8.0( 8.1¢F

Salinity (ppt 33 33

Total ammonia (mg / | <0.00: <0.00:
Temperature 19.€ 21.¢
Dissolved oxygen (DO mg /L 5.71 7.2

SU = standard units
ppt = parts per thousand

Ranges of water quality tests for all treatments

Criteria Treatment Waters
pH (SU, 7.93-8.1¢
Salinity (ppt 31-32

Total ammonia (mg/ | <0.00:
Temperature 20.0-22.:
Dissolved oxygen (DO mg /L 6.40- 7.6z

Survival of Atherinops affinis at test termination (96 hours)

% test water % survival 48-h Statistics
0 95 LC50:N/A
6.2¢f 10C LOEL:N/A
12.t ag NOEL:N/A
25 80

50 75

10C 10C

1: LC50 = median-lethal concentration (95% confidencevateas measured by the trimmed
spearman- Karber method.

2: LOEL = lowest observable effect level as measurestdésyl many-one rank method

3: NOEL = no observable effect level as measured by st@ey-one rank method

Protocol Deviations / problems:None.

(1) TEST SAMPLE ID: 10.03.08/C12/F

96 hour larval fish test for T=10 Day control water

Initial Water Quality tests and characterization

Criteria Test Water: CO water Dilution water
Final pH (SU 8.11 8.1¢

Salinity (ppt 30 33

Total ammonia (mg/ | 0.04 <0.00:
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Temperature

20.€

21.¢

Dissolved oxygen (DO mg /L

6.0¢

7.2

SU = standard units
ppt = parts per thousand

Ranges of water quality tests for all treatments

Criteria Treatment Waters
pH (SU; 7.93-8.2¢
Salinity (ppt 29-33

Total ammonia (mg /| 0.00:-0.01¢
Temperature 21.1-22.:
Dissolved oxygen (DO mg /L 6.30- 7.62

Survival of Atherinops affinis at test termination (96 hours)

% test water % survival 48-h Statistics
0 10C LC50:N/A
6.2 10C LOEL:N/A
12.t 10C NOEL:N/A
25 95.2

50 85.7

10C 95.2

1: LC50 = median-lethal concentration (95% confidencevateas measured by the trimmed
spearman- Karber method.

2: LOEL = lowest observable effect level as measurestdésyl many-one rank method

3: NOEL = no observable effect level as measured by st@ey-one rank method

Protocol Deviations / problems:None.

(1) TEST SAMPLE ID: 10.03.08/T12/F

96 hour larval fish test for T=10 Day treated water

Initial Water Quality tests and characterization

Criteria Test Water: CO water Dilution water
Final pH (SU 7.92 8.1¢F

Salinity (ppt 33 33

Total ammonia (mg /) <0.00: <0.00:
Temperature 21.C 21.¢
Dissolved oxygen (DO mg /L 6.41 7.2

SU = standard units
ppt = parts per thousand

Ranges of water quality tests for all treatments
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Criteria Treatment Waters
pH (SU, 7.93-8.27
Salinity (ppt 31-34
Totalammonia (mg / L <0.00:
Temperature 21.4-22.:
Dissolved oxygen (DO mg /L 6.11-7.62

Survival of Atherinops affinis at test termination (96 hours)

% test water % survival 48-h Statistics
0 10C LC50:
6.2 95 LOEL:
12.t 10C NOEL:
25 a0

50 95

10C 10C

1: LC50 = median-lethal concentration (95% confidencevateas measured by the trimmed
spearman- Karber method.

2: LOEL = lowest observable effect level as measurestdésl many-one rank method

3: NOEL = no observable effect level as measured by st@ey-one rank method

Protocol Deviations / problems: None.

Phytoplankton Assay.

Results from the phytoplankton whole effluent test amarsarized in table 30. Results
indicate variable growth in T=0 control (untreated) s&splith no clear relationship to the
dilution series, and a slight positive relationship et degree of dilution and growth rate in
treated T=0 samples. Definitive samples taken during Hasbag indicate some growth
inhibition, although this appears not to be related to fidAdiation.
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Table 30. Summary data from Phytoplankton WET bioassay. T=0 samplesollected
September 1, 2008. T=10 Days samples collected September"22008. Test begum
October 4", 2008.Growth was determined as percentage change in cell before and after

grow-out
Untreated,
T=0h Phytoplankton Cell Counts
% growth
Before After 96h Grow-out % T.Iso @ relative to
Grow-out 72h Mean = S.D. 5 reps 96h/0Oh controls @ 96h
6.25% 251,69 106654 1,227,84+315,04( 48¢ 72.2]
12.5(% 249,544 119562: 1,597,28+366,67! 64C 93.9¢
25% 255,76 136987! 1,511,95+379,57¢ 591 88.9:
50% 249,544 164762 2,207,67+349,22: 88t 129.8:¢
100% 270,82( 101539! 1,486,71+243,09: 54¢ 87.4¢
Treated,
T=0h
6.25% 266,51 169890: 2,112,25+253,41¢ 79:< 124.2:
12.50% 268,90:! 172698: 2,171,48+267,66" 80¢ 127.7:
25% 259,10 149703 1,631,08+230,47. 63C 95.9¢
50% 248,11: 95372! 1,173,48+235,82! 475 69.01
100% 245,72. 102639 1,127,64+176,92! 45¢ 66.3:
Untreated,
T=10 Days
6.25% 244,52 1111244 2,057,32+324,84( 841 120.9¢
12.50% 256,95t 116431( 1,961,95+144,56" 764 115.3¢
25% 253,37 131824! 1,908,21+301,34- 758 112.2:
50% 248,35: 113562 1,429,68+470,36: 57¢ 84.0¢
100% 266,99! 92408t 1,028,25+84,85! 38t 60.47
Treated,
T=10 Days
6.25% 261,49¢ 137728! 1,861,17+337,34: 712 109.4¢
12.50% 248,82! 135768: 1,973,66+128,66! 79:< 116.0°
25% 268,43 110933: 1,596,57+290,54( 59t 93.¢
50% 263,17: 110527( 1,553,01+223,12! 59C 91.3¢
100% 247,63 99866 1,363,13+455,26: 55C 80.17
Lab 256,27"
Controls 1214745 1,700,356 675

70



SUMMARY CONCLUSIONS.

In conducting these trials investigators were aware wdra¢ different requirements and
interests that guided the testing timetable and other guoes. For example, under IMO G-8
guidelines there is a requirement to perform three,tédstsfirst and last of which should be
separated by a period of not less than six monthsdier @0 provide a seasonal dimension to the
testing regime. Under U.S. Coast Guard Shipboard Teoypypdiwvaluation Program (STEP)
requirements, two tests should be conducted in two diffexatér bodies in which the vessel
normally operates. These requirements were met by condubese three trials between April
5™ and October 8 and by testing water picked up respectively in the CaribBean the North
West Pacific off Alaska, and the Western PacificLafhg Beach. The distributors of the system,
Hyde Marine Inc. expressed an interesting in varying thentieh time of ballast water in the
tanks in order to investigate any possible latent effeat UV irradiation. This was
accommodated by varying the retention times by as mu6idags: 96h in Trial 1, 114h in Trial
2 and 10 days in Trial 3. Actual ballasting times were eibcretion of the officers and crew of
the vessel, according to their schedule and othetticgis

In all three trials the numbers of live zooplankton >50@marrowest dimension)
complied with all published ballast water treatment reguiat in that no live zooplankton in
this size class were seen at the time of ballastveischarge. While some smaller taxa survived
treatment, e.g. marine nematodes, these were very mawgbwer than 50pum. In making
live/dead assessment investigators relied on movemesanad part of the organism to confirm
viability, although microscopic examination of this group amked by the vital stain neutral red,
which greatly facilitated the location of potentiallydi organisms in the microscope field of
view. Trial 2 was characterized by a large amount ofitdstappearing in samples collected
during the de-ballasting operation close to the end otthise. Several large organisms were
present in samples from both treated and untreated taltkeugh these were dead in treated
samples. These are discussed later in the contesictdrial counts.

Planktonic organisms in the >10um - <50um represent, inraerespects, the most
problematic of all the endpoints measured. This size nangarily, but not exclusively, consists
of phytoplankton, and is subject to standards that differshynach as three orders of magnitude
among jurisdictions (table 1). Natural populations of phytdgitam may have an even greater
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concentration range among different water bodies, atiddensities encountered during these
trials demonstrated 100-fold differences between Caribleders and Alaskan waters. Alaskan
water (trial 2) showed the highest densities encountéredghout these trials (ca. ®1€ells/n?),
although very much higher cell concentrations would notutesual in Pacific waters. We,
therefore, categorize, phytoplankton densities throughuositsequence of trials as moderately
low (trial 2) to extremely low (trial 1), with trié8 intermediate. In view of the fact that most of
the groups comprising this size class are non-motileptingary problem confronting scientific
investigation is that of viability. Several discussiorfstlus issue exist (e.g. Wright 2007,
Veldhuis et al. 2001, Veldhuis and Brussaard 2006). Furthergmnsldoncern the fact that some
phytoplankton taxa are actually larger than 50pum (Wright 286@)in many cases a significant
proportion of phytoplankton fall into the <10 pm sizeegatry as was the case in the current
trials.

In all of these trials phytoplankton numbers followingatment (at de-ballasting) were
well below the standard of 1@ve cells/n? set by IMO under G-8 guidelines. When compared to
the U.S. Coast Guard standard of lige cells/nf (=100,000 live cells/ff), the grand mean from
all three trials (2,222, 75,667, 103,300/3 = 60,398 live cel)stmmplies with the standard,
although the individual value from trial 3 (103,300 live cel/ia marginally higher than the
100,000 live cells/hU.S. Coast Guard standard. Another way of lookingexselata takes note
of the fact that cell densities following grow-out regaet reductions in cell densities of 65%,
60% and 83% for trials 1-3, compared with cell numbers befoye-out. A case can, therefore,
be made for assuming thatl these natural populations of phytoplankton are incapable
growth, and therefore non-viable. A similar result vgagn in 2004 trials of the Hyde BWT
system aboar@oral PrincesgWright et al. 2007), where a comprehensive analysisweae of
individual genera/species of phytoplankton in treated anccatel ballast water. In untreated
samples 27 out of 43 genera for which data were availablgeshpositive growth rate (average
increase after grow-out 1.25), whereas no treated sangxkibited positive growth of any
phytoplankton genus (average decline of 75% in cell numbensgfiw-out). Several analytical
techniques are currently available to differentiate betwdead and live, but non-motile cells
(Bruussard et al 2001, Veldhuis et al. 2001, Veldhuis and Bmtus2806), although
guantification is difficult within the context of currepublished standards

Bacterial counts illustrate some of the difficultiesolved with conducting trials aboard
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working ships where, unlike land-based trials, there is daniability to control some test
parameters. A summary of bacterial counts from adldhrials is shown in table 31.

As judged by indicator bacteria, water examined fromstrialand 3 indicate relatively
pristine conditions. Trial 1 showed very low densitié<aliforms and Enterococci in control
(untreated) samples at T=0, but there was no evidentesd groups in any other samples from
this trial. Counts were made of heterotrophic culturaldrgtn all samples. Although they are
not regulated by IMO or the U.S. Coast Guard, January 2008 @& regulations set a
standard of 1000cfu/100ml for this group (Table 1). Cfus for alltbeterotrophic bacteria
nominally comply with this standard in all three @iathereby illustrating the sparse bacterial
flora in areas from which ballast water was obtainedoticeably higher concentrations of
culturable bacteria were recorded from treated sampldd44h in trial 2, although the mean
figure of 148.3 must be regarded as approximate in view of the0tfu’ and ‘>200cfu’

designations given the most densely populated plates (Table 18)

Table 31 . Summary of Bacterial endpoints for Trial 1 (Apri), Trial 2 (July) and Trial 3
(September). Numbers are reported as cfu/100ml.

Total culturable Coliforms E. Coli Enterrococci Vibrio
heterotrophic cholerae
Treatment Time Trial
Control t=0 1 12.2+12.9 0.2+0 ND 0.20 0
Treated t=0 1 19.4+10.5 ND ND ND 0
Control t=96h 1 5.05.7 ND ND ND 0
Treated t=96h 1 1.0+1.7 ND ND ND 0
Control t=0 2 39.6+65.0 ND ND ND 0
Treated t=0 2 21.6+29 ND ND ND 0
Control t=114h 2 94.1+68.3 ND ND 1.6+1.4 0
Treated t=114h 2 148.3+64.4 ND ND 3.412.6 0
Control t=0 3 44.2+44.75 ND ND ND 0
Treated t=0 3 49.1+48.1 ND ND ND 0
Contol =10 3 44473 0.6+0.53 0.3:0.5 ND 0
days
lreeliel =005 g s ND ND ND ¢
days

Samples from trial 3 were similar to trial 1. No indaabacteria were reported in either
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treated or untreated samples at T=0, although low nundfecsliforms, includingE. Coli,
appeared in untreated samples at the time of dischaogmdidator bacteria were reported from
any treated samples from trial 3. Cultural bacteriaewmesent in both treated and untreated
samples at T=0 in trial 3 (Table 31) although, as in Irjalumbers at the time of discharge were
lower than the California standard (table 30), particylarkreated samples.

Bacterial counts from trial 2 differed from the otheottrials, and were characterized by
higher counts of cultural bacteria at the time of daisgh (de-ballasting) and the appearance of
intestinal enterococci in both treated and untreadmaptes at time of de-ballasting, despite the
fact that no cfus from this taxa were recorded in €spective T=0 samples. No coliforms were
recorded from any samples in this trial. With respedEnterococci, numbers of cfus in treated
samples at de-ballasting, 3.4+2.6 cfu/100ml (table 31), welleehithan in untreated samples
(1.6+1.4cfu/100 ml.). The figure of 3.4+2.6 cfu/100ml is belowstandard of 100cfu/100ml set
for this group by IMO and also complies with the corresiyag standard of 33 cfu/200ml
proposed by the U.S. Coast Guard and adopted by the s@@adifofnia (table 1). Appearance of
intestinal enterococci in both treated and untreatetpkes at time of de-ballasting, despite no
observation of cfus from this taxa in the respectiw® Bamples should be viewed within the
context of the zooplankton samples, which had high dstribads and large zooplankton
specimens that were not seen in T=0 samples. Thessdéuclseveral harpacticoid copepod
adults >1000pum (some >2000um), and indicated a quite differpotgdomn that that sampled at
T=0. Despite the presence of these organisms at theofimie-ballasting, all specimens in the
treated samples were dead; some recently, othersyimgastates of decay. It must be borne in
mind that the filtered was turned off at de-ballasting asnpemal de-ballasting protocol, and
would not have filtered out large organisms during thehdisge cycle.

It seems reasonable to conclude that the appearancetefo&otci in samples
withdrawn from the tank at discharge would result from dteeay/disintegration of these
planktonic organisms with the concomitant release dbganous bacteria that had been shielded
from the effect of UV irradiation. In contrast, tlserresponding T=0 samples were free from
Enterococci and were remarkably “clean”, indicating ttre filter appeared to be working
correctly. Two explanations could explain the preseridarge planktonic organisms identified

at discharge but not previously seen:
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1. An earlier ballasting operation (before trial 2) mayt have properly employed
the filter, or
2. Small eggs and/or juvenile stages (<50um) may have passadjh a correctly
functioning filter rated for a 50um cut-off, then subseglyemtew and formed a
live population within the tank.
A similar situation has been observed by this author ewipus shipboard trials (Wright et al.
2007 and unpublished). A drawback of conducting shipboard testsfaitee relates to the fact
that it is impossible to know if residual flora/faumdabit the tank prior to the onset of a trial. If
such a situation exists, there may be significant, aggwus, qualitative and quantitative
differences between the discharged water and that atbae@d by T=0 sampling. Such
differences are avoided in land-based testing, where ctilection/storage tanks can be
vigorously rinsed between trials. In shipboard trialsnailar problem relates to the flushing of
the, often lengthy, piping and associated dead-space tititates the ballasting system.

Current IMO shipboard testing protocols simply require mparison between treated
and untreated water in shipboard trials following aatertefined residence time in the tanks,
although there is an additional requirement to chanaeté¢he challenge (untreated) water at
ballasting (T=0). For a system such as the one tdstee, where treatment is not deemed
complete until the second pass through the UV systede-hiallasting, it is clear that, from a
regulatory standpoint, that the definitive samples shdaddthose collected at discharge.
Nevertheless, problems such as those described abosg&rai the importance of inline
sampling and analysis of a representative number détteamples as well as untreated samples
at T=0, particularly where a filter is involved.

Results of Whole Effluent Toxicity (WET) bioassays doated during trial 3 indicated
no significant differences between the toxicity @fatied vs. untreated water samples at the time
of discharge from the vessel. In invertebrate and vextedarval assays undiluted water from
both treated and untreated tanks appeared not to show gmficant toxicity relative to
laboratory controls. In the case of phytoplankton tlzgneeared to be a small degree of toxicity
associated with water retrieved from ballast watelowing the (10 day) residence time,
although the toxicity did not differ significantly betwetreated and untreated water. It might be
concluded from those data that any toxic element presehscharged water did not result from
UV irradiation. Such results have been supported by aensixe literature search that has
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revealed no evidence of residual chemical toxicity in wagsulting from prior UV irradiation of
that water. While some changes in nutrient levels apgetarbe associated with water treatment
it was not possible to definitively conclude that thebanges directly resulted from UV
irradiation. For example, both phosphate and nitratddeatede-ballasting were higher in treated
samples relative to untreated samples at the tintisoharge from the ship. It is possible that
part of this difference could be attributed to an inceeas the degradation of planktonic
organisms resulting from the treatment process, ratiaer WV irradiation directly. Nitrite levels
were also higher in treated samples 10 days after traatiile UV photolysis of nitrate to
nitrite has been demonstrated in UV-irradiated drinkingewée.g. Sharpless and Linden 2001)
the levels involved are very small relative to the Wihking water standard of 1000udLor
the European standard of 100pg. INitrate levels reported in this trial were neddigi relative

to these standards and pose no toxicological threatiatssbavith discharge.

Table 32 provides a summary of compliance/non-compliaicheo Hyde ‘Guardian’
BWT system with current published national and intermafictandards. Under the conditions
encountered during these trials, the system is seeamtplg with all IMO G-8 standards relating
to the elimination of biota and with respect the isstiesidual toxicity of treated water related
to chemicals generated during treatment. A bacteriale(Booccus) excursion seen in Trial 2
(see table 32 footnote) and minimally exceeding U.S. GBaatd standards, was interpreted as
an artifact related to the presence of a population gé laooplankton living in the tank prior to
the test. Several of these organisms were probably wiitieUV irradiation on de-ballasting. In
view of the fact that no Enterococci were detected=f $amples, endogenous bacteria were
probably released from dead plankton at de-ballasting.

Problems such as this illustrate one of the drawbackkipboard trials, i.e. the problem
of not being able to rigorously control all conditiordated to the test. Another concerns the
relative lack of flexibility in certain cases in detening the exact timing of a ballasting/de-
ballasting event. Biological productivity in such casesy be less than optimal. Within these
constraints, shipboard trials nevertheless represeseful and informative exercise providing
critical information regarding the performance of dlasa water treatment system under ‘real
world conditions’. In this case, under the ambient daoas and for the flow rates encountered
throughout these trials, the Hyde Marine ‘Guardian’ systppears to be a highly effective
means of treating ballast water to remove potentialigsive species from the ballast stream.
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Table 32. A summary of compliance¥) / non-compliance (X) with current published

national and international ballast water management standards. N = Not Tested

IMO Ballast Water | 2008 IMO G-9
Regulation Management | California Discharge
D-2 and Act  Section| standard Standard  for
Transport | 1101 (f) i residual
Canada Toxicity

Trial 1

Zooplankton | \ \

Trial 1

Phytoplankton | V \ \ NT

Trial 1

Bacteria \ \ \

Trial 2

Zooplankton | \ \

Trial 2 NT

Phytoplankton | V \ X2

Trial 2

Bacteria \ \ \

Trial 3

Zooplankton | \ \

Trial 3 v

Phytoplankton | V X! X?

Trial 3

Bacteria \ \ \

! _‘Live’ phytoplankton present in treated samples aft@days in tank + UV irradiation on de-
ballasting. Residuals exceed U.S, C.G. standard by 3%wifotio 83% reduction in cell

concentration after grow-out. Such a reduction in aalint following a grow-out period could
be interpreted as non-viable (Wrigttal. 2007; Perringt al 2006).

2 _While phytoplankton cells can be scored as ‘live’ bagedhorphological characteristics their

lack of growth potential determined through cell counts leefand after grow-out can be
interpreted as ‘non-viable’, in which case California ragohs would be met.
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Appendix A. Raw zooplankton countsCoral Princess.

Trial 1

CORAL PRI NCESS BALLAST WATER TRI AL #1 APR 5-15 2008 (updated 10/08/2008)
CONSOLI DATED SPECI ES LI ST

GROUP

ACTI NULA
Bl VALVE
CHAETOGNATH
CLADCCERAN
COPEPOD
COPEPQD
COPEPOD
COPEPOD
COPEPQD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPQD
COPEPOD
COPEPQD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD NAUPLI |
EGGS
FORAM NI FERA
GASTROPCD
NEMATCODE
NOZCO
POLYCHAETE
POLYCHAETE
PROTCOZOAN
TI NTI NNI D

SPECNAME

ACTI NULA

Bl VALVE
CHAETOGNATH
CLADCCERAN

ACARTI A HELGOLANDI CA

CALANO D
CALANO D
CANDACEA

CENTROPAGES HAMATUS

CLAUSOCALANUS
COPEPQOD
COPEPQD
CORYCAEUS
CORYCAEUS
CORYCAEUS
CyCLOPO D

FARANULA CARI NATA

HALI CYCLOPS
HALI CYCLOPS
HARPACTI CO D
HARPACTI CO D
HARPACTI CO D
LABI DOCERA
MACROSETELLA
MACROSETELLA
M CROSETELLA
O THONA

O THONA
ONCAEA
ONCAEA
ONCAEA- POPEYE
PARACAL ANUS
SAPHI RELLA
TEMORA
COPEPOD

EGGS

GLOBI GERI NA
GASTROPCD
NEMATCODE
NOZOOPLANKTON
POLYCHAETE
POLYCHAETE
PROTCOZOAN

TI NTI NNI D

80

LI FESTAGE

D- H NGE

ADULT
ADULT
COPEPODI TE
ADULT
ADULT
ADULT
ADULT
COPEPODI TE

ADULT
COPEPODI TE
COPEPODI TE
ADULT
ADULT
COPEPODI TE

ADULT
UNDETERM NED
ADULT

ADULT
ADULT
ADULT
COPEPODI TE

ADULT

ADULT

ADULT
COPEPODI TE
UNDETERM NED
NAUPLI US

LARVAE



CORAL PRI NCESS BALLAST WATER TRI AL #1 (CARI BBEAN SEA ) APR 5-15 2008 (updated 10/08/2008)

Num Num Tot al Total Grand
Event Tr eat mrent Rep Group Alive Dead Tot al alive dead t ot al
TO
CONTROL 1 COPEPOD 328 136 464
1 COPEPOD NAUP 72 0 72
1 EGGS 312 0 312
1 NEMATODE 8 0 8
1 POLYCHAETE 48 0 48 768 136 904
2 CLADCCERAN 16 0 16
2 COPEPOD 128 24 152
2 COPEPOD NAUP 168 8 176
2 EGGS 224 104 328
2 POLYCHAETE 80 0 80 616 136 752
3 BIVALVE 16 0 16
3 COPEPCD 104 40 144
3 COPEPOD NAUP 24 0 24
3  TINTINNID 96 0 96 240 40 280
4 COPEPCD 32 0 32
4 COPEPOD NAUP 64 0 64
4 EGGS 88 0 88
4 POLYCHAETE 16 0 16
4 TINTINNI D 112 0 112 312 0 312
5 BI VALVE 32 8 40
5 COPEPCD 40 0 40
5 COPEPOD NAUP 80 8 88
5 EGGS 368 0 368
5 NEMATODE 8 0 8
5 POLYCHAETE 24 0 24 552 16 568
TREATED 1 COPEPCD 16 0 16
1 TINTINNID 0 8 8 16 8 24
2 COPEPOD 8 0 8
2 POLYCHAETE 0 8 8 8 8 16
3 NOzOo 0 0 0 0 0 0
4 NOzZOO 0 0 0 0 0 0
5 COPEPCD 16 0 16 16 0 16
T96
CONTROL 1 BIVALVE 8 0 8
1 COPEPOD 40 104 144
1 COPEPOD NAUP 24 8 32
1 EGGS 384 0 384
1 POLYCHAETE 8 0 8 464 112 576
2 BIVALVE 8 8 16
2 COPEPOD 48 72 120
2 EGGS 16 0 16 72 80 152
3 BIVALVE 16 8 24
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CORAL PRI NCESS BALLAST WATER TRI AL #1 (CARI BBEAN SEA ) APR 5-15 2008 (updated 10/08/2008)

Num Num Tot al Total Grand

Event Tr eat mrent Rep Group Alive Dead Tot al alive dead t ot al
T96 3 COPEPCD 24 272 296

3 COPEPOD NAUP 24 0 24

3 EGGS 624 240 864

3 POLYCHAETE 64 0 64

3 PROTOZOAN 8 0 8

3  TINTINNID 16 0 16 776 520 1296

4 Bl VALVE 8 8 16

4 COPEPCD 8 88 96

4 EGGS 32 0 32 48 96 144

5 BI VALVE 16 8 24

5 COPEPCD 128 80 208

5 COPEPOD NAUP O 8 8

5 POLYCHAETE 8 0 8

5 TINTINNI D 8 0 8 160 96 256

6 CHAETOGNATH 0 8 8

6 COPEPOD 0 328 328

6 COPEPOD NAUP 680 344 1024

6 FORAM NIFERA 8 0 8

6 POLYCHAETE 24 0 24

6 TINTINNID 0 24 24 712 704 1416

7 CHAETOGNATH 16 8 24

7 COPEPOD 0 344 344

7 COPEPOD NAUP 584 440 1024

7 EGGS 0 8 8

7 NEMATODE 24 0 24

7 POLYCHAETE 16 0 16

7 TINTINNID 0 8 8 640 808 1448

8 BI VALVE 8 8 16

8 CHAETOGNATH 24 8 32

8 COPEPCD 80 648 728

8 COPEPOD NAUP 552 752 1304

8 EGGS 0 40 40

8 FORAM NI FERA 16 0 16

8 POLYCHAETE 32 8 40

8 TINTINNID 0 32 32 712 1496 2208

9 CHAETOGNATH 8 0 8

9 COPEPOD 8 672 680

9 COPEPOD NAUP 856 568 1424

9 EGGS 0 8 8

9 FORAM NI FERA 16 0 16

9 POLYCHAETE 48 16 64

9 TINTINNID 0 16 16 936 1280 2216
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CORAL PRI NCESS BALLAST WATER TRI AL #1 (CARI BBEAN SEA ) APR 5-15 2008 (updated 10/08/2008)

Num Num Tot al Total Grand
Event Tr eat mrent Rep Group Alive Dead Tot al alive dead t ot al

T96 TREATED 1 ACTI NULA 0 16 16

1 BIVALVE 0 8 8

1 COPEPOD 0 104 104

1 GASTROPCD 0 8 8

1 NEMATODE 0 16 16 0 152 152

2 ACTI NULA 0 16 16

2 COPEPOD 0 80 80 0 96 96

3 COPEPCD 0 128 128

3 COPEPOD NAUP O 8 8

3 TINTINNID 0 8 8 0 144 144

4 COPEPCD 0 176 176

4 COPEPOD NAUP O 8 8

4 FORAM N FERA O 8 8 0 192 192

5 COPEPCD 0 184 184 0 184 184

6 COPEPOD 0 16 16 0 16 16

7 COPEPOD 0 64 64

7 COPEPOD NAUP 0 16 16 0 80 80

8 COPEPCD 0 144 144 0 144 144

9 NOzZOO 0 0 0 0 0 0
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Trial 2

CORAL PRI NCESS BALLAST WATER TRI AL #2 JUN 30-JUL 7 2008 (updated 10/08/2008)
CONSOLI DATED SPECI ES LI ST

GROUP SPECNAME LI FESTAGE
AVPHI POD HYPERI A SP ADULT

B? B?

Bl VALVE Bl VALVE LARVA

Bl VALVE Bl VALVE UMBO
COPEPOD CALANO D

COPEPOD CALANO D ADULT
COPEPOD CALANO D COPEPODI TE
COPEPOD CALANO D2 ADULT
COPEPOD CALANO D3 ADULT
COPEPOD COPEPOD EGG
COPEPOD O THONA ADULT
COPEPOD O THONA COPEPODI TE
COPEPOD ONCAEA ADULT
COPEPOD NAUPLI US COPEPOD NAUPLI US
DECAPCD SHRI MP POSTLARVA
EGGS COPEPQD EGG

EGGS EGG DARK

EGGS EGG GREEN
EGGS EGG MASS

EGGS FI SH EGGS

FORAM NI FERA GLOBEGERI NA

GASTROPCD LAMACI NA

GASTROPCD SNAI L

NEMATCODE NEMATCODE

NOZCO NOZOOPLANKTON

POLYCHAETE POLYCHAETE LARVA
PROTCOZOAN PROTCOZOAN

ROTI FER ROTI FER

TI NTI NNI D TI NNI NNI D V- SHAPE
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CORAL PRI NCESS BALLAST WATER TRI AL #2 ALASKAN COAST JUN 30-JUL 7 2008 (as of 10/08/2008)

Event Treatment Rep G oup

TO

TREATED

B?

COPE NAUPLI
COPEPOD
EGGS
POLYCHAETE

Bl VALVE
COPE NAUPLI
COPEPOD
DECAPOD

B?

COPE NAUPLI
COPEPOD
EGGS
PROTOZOA

COPE NAUPLI
COPEPOD

COPE NAUPLI
COPEPOD
DECAPOD
EGGS

AVPHI POD
Bl VALVE
COPE NAUPLI
COPEPOD
DECAPCD
EGGS
GASTROPCD

Bl VALVE
COPE NAUPLI
COPEPOD
EGGS

COPE NAUPLI
COPEPOD
EGGS
GASTROPCD

COPE NAUPLI
COPEPOD
EGGS
PROTOZOA

Nunt Num
Tot al * Alive* Dead*
16 16 0
2992 2944 48
4136 3992 144
48 48 0
8 8 0
40 40 0
7100 6880 220
13220 12840 380
40 40 0
48 48 0
2064 2064 0
2928 2928 0
208 208 0
32 32 0
11504 11472 32
7808 7760 48
13600 13536 64
9600 9536 64
32 32 0
320 320 0
64 64 0
32 32 0
10976 10976 0
6912 6720 192
32 32 0
576 576 0
32 32 0
32 32 0
8144 8144 0
11712 11712 0
176 176 0
11584 11584 0
3952 3872 80
128 128 0
16 16
4464 4464 0
4656 4656 0
368 368 0
32 32 0

Sanmpl e
grand
total *

7200

5280

19312

23552

18624

20064

15680

Sampl e
tot al
alive*

7008

19800

5280

19232

23424

18432

20064

15600

9520

Sanmpl e
tot al
dead*

192

600

80

128

192

80



CORAL PRI NCESS BALLAST WATER TRI AL #2 ALASKAN COAST JUN 30-JUL 7 2008 (as of 10/08/2008)

Event Treatment Rep G oup

T114

CONTROL

1

COPEPOD

COPE NAUPLI
COPEPOD

COPE NAUPLI
COPEPOD
EGGS

COPE NAUPLI
COPEPOD
EGGS

COPE NAUPLI
COPEPOD
EGGS
POLYCHAETE
PROTOZOA
ROTI FERA

COPE NAUPLI
COPEPOD
GASTROPCD

COPE NAUPLI
COPEPOD
EGGS

COPE NAUPLI
COPEPOD
EGGS
NEMATCODE

COPE NAUPLI
COPEPOD
EGGS
GASTROPCD

COPE NAUPLI
COPEPOD

Nunt Num
Tot al * Alive* Dead*
8 8 0
8 8 0
192 192 0
160 160 0
240 240 0
16 16 0
256 256 0
624 624 0
16 16 0
504 336 168
1224 808 416
40 40 0
16 8 8
48 24 24
32 16 16
704 32 672
1120 96 1024
32 32 0
544 0 544
544 0 544
32 0 32
416 0 416
896 0 896
128 0 128
32 0 32
512 0 512
704 64 640
64 0 64
96 64 32
32 0 32
192 0 192

86

Sanmpl e
grand
total *

200

416

896

1864

1856

1120

1472

1376

224

Sampl e
tot al
alive*

200

416

896

1232

160

128

Sampl e
tot al
dead*

632

1696

1120

1472

1248

224



CORAL PRI NCESS BALLAST WATER TRI AL #2 ALASKAN COAST JUN 30-JUL 7 2008 (as of 10/08/2008)

Event Treatment Rep G oup

T114 TREATED 1

COPEPOD

COPEPQD

COPE NAUPLI |
COPEPOD

COPE NAUPLI |
COPEPOD

COPE NAUPLI |
COPEPOD
NEMATCODE

Bl VALVE

COPE NAUPLI |
COPEPOD

EGGS

FORAM NI FERA
NEMATCODE
PROTOZOA

TI NTI NNI D

COPE NAUPLI |
COPEPOD
FORAM NI FERA
NEMATCODE

COPE NAUPLI |
COPEPOD
GASTROPCD
NEMATCODE

COPEPOD
EGGS
NEMATCODE

Nunt Num
Tot al * Alive* Dead*
56 0 56
96 0 96
8 0 8
64 0 64
16 0 16
24 0 24
8 0 8
32 0 32
16 16 0
48 0 48
80 0 80
240 0 240
64 0 64
16 0 16
272 64 208
16 16 0
32 0 32
80 0 80
320 0 320
16 0 16
192 80 112
32 0 32
224 0 224
80 0 80
336 128 208
144 0 144
32 0 32
384 32 352

Sanmpl e
grand
total *

56

96

72

40

56

768

608

672

Sampl e
tot al
alive*

16

80

80

128

Sanpl
tot al
dead*

e

56

96

72

40

40

688

528

544

as nunbers per ton of water

*Density expressed

87



CORAL PRI NCESS BALLAST WATER TRI AL #2 ALASKAN COAST JUN 30-JUL 7 2008 (as of (as of

10/ 08/ 2008)

ANALYST=MARCI A.

Event Treatment Rep G oup

TO TREATED

T114 CONTROL

T114 TREATED

(o206 IE N0V}

5

6

COPE NAUPLI |
COPEPOD

COPE NAUPLI |
COPEPOD
DECAPOD
EGGS

AVPHI POD

Bl VALVE
COPE NAUPLI |
COPEPOD
DECAPOD
EGGS
GASTROPCD

COPE NAUPLI |
COPEPOD
EGGS
GASTROPCD

COPEPOD

COPE NAUPLI |
COPEPOD
GASTROPCD

COPE NAUPLI |
COPEPOD
EGGS

COPE NAUPLI |
COPEPOD
EGGS
NEMATCODE

COPE NAUPLI |
COPEPOD
EGGS
GASTROPCD

COPE NAUPLI |
COPEPOD

Bl VALVE

COPE NAUPLI |
COPEPOD

EGGS

FORAM NI FERA
NEMATCODE
PROTOZOA

TI NTI NNI D

COPE NAUPLI |
COPEPOD
FORAM NI FERA
NEMATCODE

11584
3872
128
16

32

32

[eNeoNe]

o o [eNeoNoNe)

= o
OO OOOOO

o]
[eNeoNoNe]

NUM DEAD=DEAD PI NK + DEAD CLEAR

Num

=
©
OOoOONOOO

o]
[eNeoNe]

o

112

88

672
928

544
480

416
896

512
640

32

32
192

80
48

32

144

32

272

80



CORAL PRI NCESS BALLAST WATER TRI AL #2 ALASKAN COAST JUN 30-JUL 7 2008 (as of (as of
10/ 08/ 2008)
ANALYST=MARCI A.  NUM DEAD=DEAD PI NK + DEAD CLEAR

Num Num Dead Dead

Event Treatment Rep Group Alive* Dead* pi nk cl ear
8 COPE NAUPLI | 0 32 0 32

COPEPCD 0 224 96 176

GASTROPOD 0 80 0 80

NEMATODE 128 208 32 176

9 COPEPOD 0 144 0 144

EGGS 0 32 0 32

NEMATODE 32 352 288 64

*Density expressed as nunbers per ton of water.
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Trial 3

CORAL PRI NCESS BALLAST WATER TRI AL #3 SEP 19-29 2008 (updated 10/08/2008)

CONSOLI DATED SPECI ES LI ST

GROUP

BARNACLE
BARNACLE
Bl VALVE
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD
COPEPOD

COPEPOD NAUPLI US

DECAPCD

ECHI NODERNMATA
NEMATCODE
NOZCO
POLYCHAETE
POLYCHAETE
POLYCHAETE
POLYCHAETE
ROTI FER

SPECNAME

BARNACLE
BARNACLE

Bl VALVE
CALANO D
CALANO D4
CALANO D5
CALANO D5
COPEPOD
COPEPOD
CORYCEUS
CyCLOPO D
CYCLOPO D1
CYCLOPO D1
CYCLOPQ D2
HARPACTI CO D
HARPACTI CO D
SAPHI RELLA
COPEPOD

SHRI MP

STARFI SH
NEMATCODE
NOZOOPLANKTON
POLYCHAETE
POLYCHAETE
POLYCHAETE
POLYCHAETE
ROTI FER

90

LI FESTAGE

CYPRI S STAGE
NAUPLI US
D- H NGE
COPEPODI TE
ADULT
ADULT
COPEPODI TE
ADULT
COPEPODI TE
ADULT
ADULT
ADULT
COPEPODI TE
COPEPODI TE
ADULT
COPEPODI TE
COPEPODI TE
NAUPLI US
POST LARVA
LARVA

ADULT
LARVA
TROCHOPHORE



CORAL PRI NCESS BALLAST WATER TRI AL #3 PACI FI C COAST SEP 19-29 2008 (as

Event Treatment Rep G oup

TO

TREATED

1

Bl VALVE
COPEPOD
COPEPOD NAUPLI
NEMATCODE
POLYCHAETE

COPEPOD
COPEPOD NAUPLI
NEMATCODE

COPEPOD
COPEPOD NAUPLI
NEMATCODE

COPEPOD
COPEPOD NAUPLI
POLYCHAETE

COPEPOD
COPEPOD NAUPLI
ROTI FERA

COPEPOD
COPEPOD NAUPLI
NEMATCODE
POLYCHAETE

COPEPOD
COPEPOD NAUPLI
NEMATCODE

Bl VALVE
COPEPOD
COPEPOD NAUPLI
POLYCHAETE

COPEPOD
COPEPOD NAUPLI
ECHI NODERVATA
NEMATCODE

COPEPOD

COPEPOD NAUPLI

COPEPOD NAUPLI

Bl VALVE

Nunt
Tot al * Alive*
16 16
200 160
3696 3216
8 8
24 24
32 32
1832 1776
8 8
32 32
1608 1600
8 8
72 64
1096 1024
24 24
16 16
736 736
16 16
184 184
1064 1016
8 8
8 8
232 232
1448 1440
8 8
8 8
72 72
224 184
8 8
138 138
492 492
15 15
15 15
8 0
8 0
16 0
8 0

Num
Dead*

Sanmpl e
grand
total *

3944

1872

1648

1192

768

1264

1688

312

662

of 10/ 08/2008)

Sampl e
tot al
alive*

3424

1816

1640

1112

768

1216

1680

272

662

Sampl e
tot al
dead*

520

56

80

48

40

16

16



CORAL PRI NCESS BALLAST WATER TRI AL #3 PACI FI C COAST SEP 19-29 2008 (as of 10/08/2008)

Nunt

Alive*

Num

Sanmpl e
grand
total *

Sampl e
tot al
alive*

Sanmpl e
tot al
dead*

Event Treatment Rep G oup Tot al *
COPEPOD NAUPLI | 40
6
7
8
9
T240 CONTROL 1 COPEPOD 32
POLYCHAETE 8
2 COPEPOD 48
POLYCHAETE 8
3 COPEPCD 72
4 BARNACLE 8
DECAPCOD 8
5 COPEPCD 48
6
7 Bl VALVE 8
COPEPOD 8
COPEPOD NAUPLI | 8
8 BARNACLE 8
COPEPOD 24
COPEPOD NAUPLI | 16
ECHI NODERMATA 8
POLYCHAETE 8
9
T240 TREATED 1
2
3
4 Bl VALVE 8
5
6
7 BARNACLE 8

40

56

72

16

48

24

64

24

24

24

16

40

16

32

48

40

16

24



CORAL PRI NCESS BALLAST WATER TRI AL #3 CARI BBEAN SEP 19-29 2008 (as of 10/08/2008)

Sanmpl e Sampl e Sanmpl e

Nunt Num grand t ot al t ot al
Event Treatment Rep Group Tot al * Alive* Dead* total * al i ve* dead*
NEMATODE 32 0 32
---------------------------- 40 0 40
8 NEMATODE 8 8 0
---------------------------- 8 8 0
9 NEMATODE 8 0 8
---------------------------- 8 0 8

*Density expressed as nunbers per ton of water.
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CORAL PRI NCESS BALLAST WATER TRI AL #3 PACI FI C COAST SEP 19-29 2008 (as of 10/08/2008)
ANALYST=MARCI A.  NUM DEAD=DEAD PI NK + DEAD CLEAR

Num Num Dead Dead
Event Treatment Rep Group Alive* Dead* pi nk cl ear
TO CONTROL 1 BI VALVE 16 0 . .
COPEPCD 160 40 24 16
COPEPCD NAUPLI | 3216 480 280 200
NEMATODE 8 0
POLYCHAETE 24 0
2 COPEPOD 32 0 . .
COPEPCD NAUPLI | 1776 56 0 56
NEMATODE 8 0
3 COPEPCD 32 0 . .
COPEPCD NAUPLI | 1600 8 0 8
NEMATODE 8 0
TO TREATED 1 COPEPOD 0 8 0 8
COPEPCD NAUPLI | 0 8 0 8
2
3
4 COPEPCD NAUPLI | 0 16 0 16
5 BI VALVE 0 8 . .
COPEPCD NAUPLI | 0 40 0 40
6

T240 CONTROL 7 Bl VALVE 0 8 0 8
COPEPOD 0 8 0 8
COPEPOD NAUPLI | 8 0
8 BARNACLE 8 0
COPEPOD 16 8 8 0
COPEPOD NAUPLI | 16 0
ECHI NODERNMATA 0 8 0 8
POLYCHAETE 0 8 8 0
9
T240 TREATED 3
4 Bl VALVE 0 8 . 8
5
6
7 BARNACLE 0 8 . 8
NEMATCODE 0 32 24 8
8 NEMATCODE 8 0
9 NEMATODE 0 8 8 0

*Density expressed as nunbers per ton of water.
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Appendix B.

Bacterial Sampling Protocol for Ballast Water testing (Trial 3) showing mold counts not
included in culturable bacteria counts.

(1) General sample details:

Name : Carys Mitchelmore
Date of test :19" September 2008
Test ID : Princess Cruise/Hyde Maine — trial 3, T=0
Type of sample :Ballasting of treated and control tanks; 3 samples &t early, mid and end
samples (n=3 each time point; n=9 total each tank).
Time and details of sample collection :
Three sets (A-C) of 55ml sterile PP tubes filled freater outlet for collection, stored in
cold cooler once collected.
(1) Treated tank; : Start of collection: 11.40am (in cold cooler)
: Number of samples: 9
- Id of samples: T1, T2, T3....through T9 (start-end timerder)
: End of collection: 12.00pm
(2) Control tank: . Start of collection: 12.05pm (in cold cooler)
: Number of samples: 9
. Id of samples: C1, C2, C3....through C9 (start-end timgerder)
: End of collection: 12.25pm
Sample processing/storage:

Samples processed immediately after sampling for Id&aoliform/E.colV/Enterococci (Tube set

A), tube set A placed in fridge after processing. Othempdas (Tubes set B and C) stored in
fridge until processing <24hr (see specific tests).
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(2) Idexx Tests:
(1) Coliform / E.coli (colilert 18)

Sample ID: Trial 3, T=0

Date: 19" September 2008 samples collected

Storage: N/A; samples processed immediately

Time: 15.40-18.10; processed Treated first (9 samples T1-T9), tmtrotsamples (9
samples C1-C9). Distilled water used as control.

Protocol: As per standard ldexx method.

Specific details:90ml of DI water placed in sterile Idexx bottles. 1@ftest water (at RT)
added (one bottle per sample. Vial opened and added to mated till dissolved. Samples
placed in trays and tray sealer used. Specific times mateel. Treated samples processed first
then control samples. Samples read at 18 hours amduate 22 hours), scored for coliform
(yellow wells) and E.coli (blue fluorescence). Positials scored as (large; L or small; S).
After 22 hours tests are invalid.

Incubation times:  Treated samples placed in incubator at 17.15%E 359" Sept 2008)
Control samples placed in incubator at 18.10pm aE339" Sept 2008)
Read times: Treated samples read at 11.15"(S@pt 2008) — 18 hours
Control samples read at 12.00{Zept 2008) ~ 18 hours

Sample ID | Coliform counts MPN Coliform | E.coli counts MPNE.coli
Large | Small Large Small
T1 0 0 0 0 0 0
T2 0 0 0 0 0 0
T3 0 0 0 0 0 0
T4 0 0 0 0 0 0
T5 0 0 0 0 0 0
T6 0 0 0 0 0 0
T7 0 0 0 0 0 0
T8 0 0 0 0 0 0
T9 0 0 0 0 0 0
Cl 0 0 0 0 0 0
C2 0 0 0 0 0 0
C3 0 0 0 0 0 0
C4 0 0 0 0 0 0
C5 0 0 0 0 0 0
C6 0 0 0 0 0 0
C7 0 0 0 0 0 0
C8 0 0 0 0 0 0
C9 0 0 0 0 0 0
DI water 0 0 0 0 0 0

Additional notes:
Samples also scored at 23.20; C3 positive coliform (118) @#ut this was at 28 hours!)
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(2) Idexx Tests:
(2) Enterobacteriacae (Enterolert)

Sample ID: Trial 3, T=0

Date: 19" September 2008; sample collection

Storage: N/A; processed immediately

Time: 17.40-18.50; processed Treated first (9 samples T1-T9), tmtrotsamples (9
samples C1-C9). Distilled water used as control.

Protocol: As per standard ldexx method.

Specific details:90ml of DI water placed in sterile Idexx bottles. 1@ftest water (at RT)
added (one bottle per sample). Vial opened and added to mated till dissolved. Samples
placed in trays and tray sealer used. Specific times mateel. Treated samples processed first
then control samples. Samples read at 24 hours amquat® 28 hours), scored for
Enterobacteriacea (blue fluorescence). Positive wetised as (large; L or small; S). After 28
hours tests are invalid.

Incubation times:  Treated samples placed in incubator at 18.30pm at 41CS@s 2008)
Control samples placed in incubator at 18.55pm at 41¢g&pt 2008)
Read times: Treated samples read at 20.10pm™(3@pt 2008) ~ 25 hours
Control samples read at 20.30pm“{&&pt 2008) ~ 25 hours

Sample ID | Entero. counts MPN Entero.
Large | Small
T1 0 0 0
T2 0 0 0
T3 0 0 0
T4 0 0 0
T5 0 0 0
T6 0 0 0
T7 0 0 0
T8 0 0 0
T9 0 0 0
C1l 0 0 0
C2 0 0 0
C3 0 0 0
C4 0 0 0
C5 0 0 0
C6 0 0 0
C7 0 0 0
C8 0 0 0
C9 0 0 0
DI water 0 0 0

Additional notes:
Samples also scored at 23.30pm; no positives (but this wWasL2s).
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(4) Vibrio cholera sample tests:

Sample ID: Trial 3, T=0

Date: 19" September 2008 (sample collection)

Storage: Samples stored at 4C until processing (on SeptemBe2iB).

Time: 16.00-17.40; processed Treated first (9 samples T1-T9), tmtrotsamples (9
samples C1-C9). Distilled water used as control.

Protocol: As per standard methods.

Specific details:100ml of each sample filtered onto 0.2um filters. Filfetded onto themselves

in half, then half again. Placed in foil and frozen.r&tat -268C until processing. Filters aP@
until freezing on September 22008.
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(4) Aerobic (culturable bacteria) sample tests:

Sample ID: Trial 3, T=0

Date: 19" September 2008 (sample collection)

Storage: Samples stored af’@ until processing (on Septembef"208).

Time: 11.40-14.40; processed Treated first (9 samples T1-T9), tmtrotsamples (9
samples C1-C9). Distilled water used as control.

Protocol: As per standard plate counting methods. Four plates usedmgpfte. Four dilutions /
volumes used; 25ml (A), 10ml (B), 1ml (C) and 0.1ml (Dyample per plate. Dilutions
prepared as follows ; for 1ml volume (C), 1.1ml of sangpld 9.9ml of DI. For 0.1ml sample
(D) use 1ml of sample (C) and 9ml of DI (1:10 dilution)a&field 0.45um filters placed on
vacuum manifold and 25ml or 10ml samples slowly filteretb ditters. Filters placed in 47mm
sterile plates, with pads containing (soaked in) 2mlerilstmarine broth. Plates placed upside
down in humid incubator at 35C. Plates read at 48 houtsr{ger times also). Scored for
colonies; | note the colored versus clear colonies, mBke note of fungi. Score mid-large
colonies very tiny ones (which do not grow at longer lrations) do not score, but make note.
Incubation times:  Treated samples placed in incubator at 13.00%E 380" Sept 2008)

Control samples placed in incubator at 14.40 3€320" Sept 2008)
Read times: Treated samples read at 14.05 "{Zept 2008) ~ 49 hours

Control samples read at 14.50pm"(2Zept 2008) ~ 49 hours

Sample| counts counts Notes
Id
25ml 10ml 1ml 0.1ml
T1 ? (m) 10 (m) 2 (m) 0 mold
T2 9 (m) 5 (m) 1 1 mold
T3 ? (m) 9 (m) 6 0 mold
T4 4 (m) 2 (m) 1 0 mold
T5 ? 22 (m) 4 0 mold
T6 3 (m) 4 (m) 0 0 mold
T7 3 (m) 0 (m) 0 0 mold
T8 23 (m) 10 1 0 mold
T9 ? 2 0 0
7.11+6.31
Cl 51 28 5 0
C2 ? (m) 17 4 0
C3 30 17 (m) 3 0 mold
C4 ? (m) 22 1 1
C5 9 27 7 0 V.small-
25ml
C6 tntc 88 15 1
C7 ?2 27 0 0
C8 97 24 2
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C9 6 (M) 9 1 0 mold

34.1+32.2

DI 0 0 0 0
water

2" Read times: Treated samples read at 23.00 "{Zpt 2008) ~ 58 hours
Control samples read at 23.30pm"(2Zept 2008) ~ 58 hours

Sample| counts counts Notes
ID
25ml 10ml 1ml 0.1ml
T1 15 (m) 11 (m) 2 (m) 0 mold
T2 11 (m) 6 (M) 1 1 mold
T3 5 (m) 7 5 0 mold
T4 6 (m) 3 (m) 1 0 mold
T5 30 (m) 37 (m) 3 0 mold
T6 5 (m) 4 (m) 0 0 mold
T7 3 (m) 2 (m) 0 0 mold
T8 44 (m) 12 1 0 mold
T9 ? 3 (m) 0 0 (m)
Mean 8.74x10.6
Cl 86 23 4 0
C2 61 39 (m) 6 0
C3 28 (m) 32 3 0 mold
C4 26 ? 32 1 1 v.small-25/10mi
C5 397 38 10 0 v.small- 25/ml
C6 tntc 87 17 1
Cc7 ?14 54 0 0 v.small-25ml
C8 164 98 22 2
C9 15 ? (m) 14 5 0 mold
46.3£26.9
DI 0 0 0 0
water
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39 Read times:

Treated samples read at 09.30 "{&2pt 2008) ~ 67 hours
Control samples read at 09.30'{Z3ept 2008) ~ 67 hours

Sample| counts counts Notes
ID

25ml| 10ml 1ml 0.1ml
T1 15 (12m) | 11 (5m) 2 (1m) 0 mold
T2 14 (8m) 4 (6m) 1 1 mold
T3 ? (m) 9 (m) 6 0 mold
T4 4 (m) 2 (m) 1 0 mold
T5 28 (1m) 46 (3m) 4 (2m) mold
T6 4 (1m) 3 (4m) 0 0 mold
T7 3 (12m) 0 (5m) 0 0 mold
T8 34 (3m) 12 (2m) 1 0 mold
T9 ? 2 (2m) 0 0 (1m)
Cl 467 28 4 (1m) 0
C2 49 (4m) 18 4 0
C3 31 (2m) 17 (1m) 3 0 mold
C4 23 (4m) 17 (1m) 2 1
C5 33 28 12 0 V.small- 25ml
C6 tntc 80 (1m) 19 2
C7 ? 43 46 ? 0 0
C8 152 (Im) | 99 25 2
C9 13 (1m) 9 9 1 mold
DI 0 0 0 0
water
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4" Read times: Treated samples read at 17.20 "{&2pt 2008) ~ 75 hours
Control samples read at 17.50"{Z3ept 2008) ~ 75 hours

(NB not score prior negative plates)

Sample| counts counts Notes
ID

25ml 10ml Iml 0.1ml
T1 16 (9m) 12 (5m) 2 (1m) 0 mold
T2 9 (5m) 5 (5m) 1 1 mold
T3 4 (3m) 7 4 mold
T4 6 (3m) 2 (2m) 1 0 mold
T5 24 (1m) 25 (3m) 4 mold
T6 5 (1m) 3 (4m) 0 0 mold
T7 4 (13m) 0 (6m) 0 mold
T8 36 (3m) 12 (2m) 2 mold
T9 ? 2 (2m) 0 0 (1m)
Cl 447 19 4 0
C2 ? (4m) 24 4 0
C3 33 (2m) 19 (1m) 3 0 mold
C4 20 (4m) 20 (1m) 2 3
C5 33 28 12 0 V.small- 25ml
C6 tntc 81 (1m) 14 (5m) 2
C7 ? 27 12 ? 0 0
C8 152 (Im) | 99 25 2
C9 9 8 (1m) 11 1 mold
DI 0 0 0 0
water
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L T

DEPARTMENT OF NATURAL RESOURCES

Harmful Algal Blooms Investigation Unit
Maryland Department of Natural Resources
Tawes State Office Building

580 Taylor Avenue

Annapolis

MD 21401

Date : 9 November 2008
Chain of Custody Letter
Whole Effluent Toxicity Testing of Treated Ballast Water

Four seawater samples were received by the laboratory in a frozen state, October 200
2008. Experiments began October 4th. After thawing to room temperature,( 20 degrees
centigrade), the average salinity was recorded as 33.1 ppt, the dissolved oxygen levels
ranged from 8.3 — 8.9 mg/1 and the average pH was 7.8.

Prior to receipt of the samples the test species of phytoplankton ( Tahitian Isochrysis)
had been maintained in growth phase culture at equivalent salinity, temperature, pH and
oxygen levels with adequate nutrients.

Phytoplankton numbers and growth was monitored on the basis of in vivo fluorescence

(measured with the hand-held, Turner Designs, Aquafluor fluorescence detector) and
microscopy for the following four days and the data analyzed and reported.

Signed Qfgﬁg«%ﬂ ..............

Celia E.F. Orano-Dawson
Harmful Algal Blooms
Project Manager
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Appendix D.

QA/QC Protocols Related to Shipboard Trials of the Hyde Mrine ‘Guardian’
BWTS, April — October 2008.

The testing and quality assurance procedures described idottusnent are based on
Standard Operating Procedures (SOP) of the Universityasf/lghd Center for Environmental
Science, Guidelines of the U.S. Environmental Protecdgaency (USEPA) and the American
Society for Testing and Materials (ASTM).

Shipboard testing of the Hyde Marine Guardian Ballast ewdtreatment System
(BWTS) was conducted by a team led by Dr. David Wright,fd3smr of Environmental
Toxicology at the University of Maryland Center for Emwimental Science (UMCES),
Chesapeake Biological Laboratory, Solomons Maryland 20688,AU Dr. Wright has more
than 20 years research experience with Aquatic Nuis8peeies and has conducted more than
15 shipboard trials of a variety of BWTS. The test team associates for IMO G-8 trials of the
Hyde Marine ‘Guardian’ BWTS is summarized in table 1onel

Table 1. Shipboard testing team and associates for G-8 shipbaoktrial of the Hyde Marine
‘Guardian’ BWTS, April October 2008.

Personnel/Title Role

David.A. Wright, Professor UMCES. Project Director,

Dr. Rodger. Dawson, UMCES (ret.). Environment@&lonsultant Marine Chemist, water

Research Services. guality, nutrient analysis, logistics

Dr. Carys Mitchelmore. Associate Professavjicrobiologist, Toxicologist

UMCES responsible for WET testing
(zooplankton)

Jonathon Bearr, PhD student, UMCES Assistant for ahiotogy and

WET testing (phytoplankton
Marcia Olson MS. Morgan State UniversityRlankton microscopy, data entty,
Environmental Research Laboratory, Lusby, MD| QA/QC
Celia Orano-Dawson MS. MD Department |d?lankton microscopy, data entry]
Natural Resources, Harmful Algal BIloonWET testing (phytoplankton)
Laboratory
UMCES Analytical Services DivisionDr. Walter| Nutrient analyses, QA/QC
R. Boynton, Professor and Principal Investigator;
Carl F. Zimmerman, Advanced Faculty Research
Assistant; Carolyn Keefe, Advanced Faculty
Research Assistant; Kathy Wood, Advanced
Faculty Research Assistant; Nancy Kaumeyer,
Advanced Faculty Research Assistant; Adriene
Capers, Senior Faculty Research Assistant; Maggie
Weir, Advanced Faculty Research Assistant
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Obijectives and Background.

The objective of the shipboard trials was to meashee ltiological effectiveness of
shipboard filtration/separation and ultraviolet radiatequipment as a ballast water treatment
method. The sampling protocol was designed to satisfy I@e@uirements, with the objective
of comparing biological endpoints to those published underaegnlD-2 of the IMO Ballast
Water Convention (IMO 2004). Investigators were also avedrether standards set by U.S.
federal and state regulatory bodies described below (table 2)

In order to comply with IMO G-8 guidelines for shipboardtigy, three trials were
conducted aboard the Princess Cruise Lines ship Gbhal Princessbetween April and October
2008. Samples of treated and untreated ballast water akega from a customized sampling
port mounted downstream of the BWTS in the machineryespfdhe vessel. These samples
were compared in order to test the efficacy of theéesydo IMO and other standards (table 2)
standards under normal working conditions. The BWT Sesystonsists of a primary disc filter
manufactured by Arkal Inc., Tel Aviv, Israel mounted imiese with a medium pressure UV
irradiation system rated by the manufacturer/vend@08atmJ crhfor treatment of ballast water
at flow rates up to 250 th. Trials took place during the vessel's regular springddeein the
Caribbean Sea, the summer schedule in the N.W. P&uxan between Whittier, Alaska and
Vancouver, Canada, and during the repositioning cruise themvestern Pacific to the vessel's
winter base in Fort Lauderdale, Florida. Trials comsisbf determination of water quality
parameters and a comparison of biological endpointseiatdd and untreated ballast water
samples, with reference to both IMO G8 and the U.S. tCGasrd Shipboard Technology
Evaluation Program (STEP). Sampling procedures and endpetietminations followed IMO
G8 guidelines for shipboard trials and the exercise wagrs$ito supplement land-based trials
being conducted concomitantly at NIOZ, Texel, Nethedatw determine the efficacy of the
BWT system under varying water quality conditions. Shgvtotrials were designed to

document system performance under

normal

seagoing arwlitand

under different

geographical and seasonal conditions, with the objectivedatérmining the degree of
compliance with IMO and STEP requirements. Whole Efftuoxicity (WET) tests were also
conducted as part of the third and last trial to determinetiven any significant chemical
changes in ballast water after exposure to UV irraahatwhich resulted in subsequent residual

toxicity.

Table 2. . 2008 IMO and U.S. Ballast Water Treatment Standards

IMO Regulation
D-2 and

2008 Ballast Water
Management  Act

2008
Standard

California

Washington
Administrative Code

Transport Section 1101 ()i 222-170

Canada
Management Exchange movini| Exchange  movini| Exchange moving towarc| Exchange or treatme
approach towards treatmenttowards treatmenttreatment only

only only
Standard: Proposed Proposed Recommended Interim | Adopted Interim:
1) Organisms| <10 viable| < 0.1 living| No  detectable livin¢| Technology tc
greater than 50 organisms per organisms per cubigorganisms inactivate or remove

n)
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microns in| cubic meter meter 95% zooplanktor
minimum
dimension:
2) Organisms 10; <10 viable| < 0.1 living | <19° living organisms pe
50 microns in| organisms per ml | organisms per ml |
minimum
dimension:
3) Organisms lessNo standards No standard 3 , 99%  bacteria &
than 10 microns ir < 10 cfu bacteria/100 ml | yhvioplankton
minimum
dimension:
4) Escherichia coli| < 250 cfu/100 ml | <126 cfu/200 ml | <126 cfu/100 mi
5) Intestinal| <100 cfu/100 ml | < 33 cfu/100 ml
Enterococei <33 cfu/100 ml
6) Toxicogenic| <1 cfu/100 ml <1 cfu/100 ml
Vibrio  cholerae <1 ¢fu/100 mi
(0O1& 0O139) <1 cfu/gram of| <1 cfu/gram of wet
wet  zooplanktor| weight of zoological < 1 cfu/gram —of wef
samples samples: zoological samples
4
<10 viruses/100 ml
Final standards — no
discharge of living
organisms
Endpoints Measured.
The primary measurements in 2008 shipboard trials were:
. Plankton Viability/Growth Potential (Plankton Abundance)
. Microbial activity as determined by plate counts and MPN

. Water Quality Measurements, e.g. Salinity, Tempera, TSS, POC,

Nitrate

To assess biological effectiveness, the following maito were employed in order to
comply with IMO G-8 guidelines and produce results thatewewmpatible with IMO D-2
regulations (IMO 2004). Procedures were modified in certases in order to account for
problems encountered aboard a working vessel. For exaloglstics dictated that it was not
always possible to ballast the vessel in port, andttietchallenge water was not ‘optimal’ in
terms of organism densities, bacterial flora and TB# following procedures describe both
sampling strategies and analytical techniques employed duriplgosird trials. Most biological
endpoint analyses began aboard the vessel, an esseqtimément where rapid assessment of
live plankton was required. However, in two out of éhteals, samples for bacterial analysis
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were preserved pending analysis using internationally reoegrstandards/chain of custody
procedures. While standard water quality parameters weesumel aboard ship, nutrient
analyses were conducted by the University of Maryland AicalyServices Division, which has
been an independent, nationally and internationallygmieed analytical resource for over thirty
years.

Biological Endpoints

Figure 1 depicts the basic sampling strategy employed i8G08 shipboard trials. As a
measure of accuracy a 3 x 3 sampling matrix was employied,U1, U2 and U3 representing
untreated ballast water sampled in triplicate at tlggnipéng, middle and end of a de-ballasting
cycle, and T1, T2 and T3 representing treated samples ahklka beginning, middle and end of
a de-ballasting cycle.

>4day residence

time ¢ ¢
2 [ ]
G Eg) samles \&] OO\ EO0O)\EO0)
taken (t=0) — 7 —
&Bacteria Bacteria
U O Zooplankton U O Zooplankton
10-50um (count ASAP) 1C-50/ (count ASAP)
U O Phytoplankton| U O Phytoplankton|
zooum 24hr grow-out zooum
period samples
O Bacteria O Phytoplankton O Bacteria O Phytoplankton
48hr grow-out
. period samples
g'\F/:Iter O Bacteria O Bacteria
esocosm
oSample 72hr grow-out
@BaIIaZt Tank O Bacteria period samples O Bacteria
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Sampling Strategy.

Triplicate samples were taken at the beginning, middéeend of a collection cycle. It
must be emphasized that treatment by the Hyde ‘Guardist®ra is only complete following a
second ‘pass’ through the UV system at the time on aigehfrom the ship. Therefore,
definitively treated samples can only be collected ardangxed during de-ballasting. Related to
this is the fact that shipboard testing cannot be subjetite same degree of control as land-
based testing, e.g. the test team cannot start wiin dlmsed’ tanks. It is, therefore of particular
importance to define the nature of the intake (challengggmas well as discharged water, in
order to identify important differences between the biplagd chemistry of water at the time of
uptake, and that discharged from the vessel.

Biological Endpoints.

Zooplankton.

Samples for zooplankton counting were taken from a samplort located downstream
from the Ballast Water Treatment System (BWTShm machinery space of the vessel. At that
location samples were filtered through 30cm. nylon planktets consisting of 20um mesh
(nominal 50um mesh nets can allow the passage of >50ganisms). During filtration, each
net was submerged under the surface of a 125L plastic tstiften the impact of the filtration
procedure on the planktonic organisms. The 1L plastidebibtat forms the "cod-end' of the net
also had 20um mesh "windows' to facilitate the filtratpyrocess. Separate nets were used to
sample from treated and untreated samples, and ne¢srimeed with hot tap-water between
sampling cycles. They were also examined for tearkslead imperfections and any repairs
made. In the machinery space the contents of each nsesavere filtered and concentrated to a
volume suitable for manual transport up to the cabin spdege samples were turned over to
microscopists for examination. On receiving samples ftbencollection team, microscopists
further concentrated samples through 20pm mesh filterprooluce volumes suitable for
microscopy, usually 10-20ml. Concentrated samples wersfarmed via Stempel pipets to
counting wheels mounted on compound microscope stagescimsgopical examination. Using
these procedures, it was possible to begin microscopimieation for plankton density/activity
within one hour of collection. As a measure of preciseomajority of plankton samples are split
and processed as duplicates to indicate the amountiabNiy sample processing may add to
the results. Counts are made of at least 100 individueats at least five taxonomic groups.

Sample-sharing between microscopists was practiced thoatighese trials. Organism
sizes were recorded as the minimum dimension of tHeEnism, using calibrated reticule
eyepieces mounted in the eyepiece lens of each miges¢towever, a particularly useful
means of cross-calibration involved the ‘seeding’ of cognslides with glass beads of specific
sizes (10 pm, 20 pm, 50 pm, 100 pm, 200 pum). These glass beackrt#red by the U.S.
National Institute for Standards as calibration standfandparticle sizing technology. Their use
as a supplement to microscopy provides an excellens-cadbration tool among microscopists
and has been referenced in recent shipboard studiegh\\t al. 2009). In order to address
precision associated with counting a majority of planksamples are split and processed as
duplicates to indicate the amount of variability samptecessing may add to the results.
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Precision of nutrient analyses is addressed through regulaing of standards between samples
batches to ensure consistent equipment operation ahcatiah.

QA/QC considerations for shipboard sampling include rigene@ashing of the sampling
nets with freshwater and examination of nets and othempbng devices containers for
flaws/leaks between sampling runs. Sampling aboard a wovkissgel involves pumping water
through numerous pipes/tank segments, which may involve sigaces. Unlike land-based
operations, extensive rinsing of tanks/pipes is not pessi#tween sampling episodes.
Therefore, to the extent possible under the constraintee sampling regime, sufficient time
should be given to flushing water through the ballastingesy®f the shipping before sampling
commences. An important consideration in this respethtat the collection of treated samples
always precedes the collection of untreated samples.rfinimizes the potential of carry-over
of live individuals (i.e. Type 1 error) that might haveebdrapped in dead-spaces. Conversely,
carry-over of dead organisms (Type 2 error) through a édedirst’ protocol is likely to
insignificant in the context of current published standa@lsen the rigor of current standards,
type 1 errors should be avoided at all costs. These dwed aspects of shipboard sampling and
testing are discussed by Wright (2007).

Phytoplankton.

Samples for phytoplankton counting/assessment consistell aff unfiltered water
collected from the sampling port. These samples wersedahrough a 200um mesh net to
remove any large predatory zooplankton. Experience withbshrd trials has indicated that
grazing can be a factor, even within the context obbatiank residence time and sample holding
time prior to examination. Each sample was concemtradie a volume <10ml. for
examination/grow-out, using a 10um Nitex screen. This edabhusually low densities of
phytoplankton to be counted with greater precision, assitited in greater cell densities on the
counting slide. Typically counts were made of >200 squaress 00 square counting grid,.
Determination of living phytoplankton was be made ordm&s of (a) chlorophyll a analysis, (b)
vital staining techniques and (c) cell counts before and giftev-out.

Use of grow-out technique.

Live-dead status of phytoplankton for the determination affabt water treatment
efficacy remains problematic to the extent that, whitens taxonomic groups, such as
dinoflagellates, are clearly motile, many have vegetastages that are immobile. The growth
potential of non-motile forms can only be assessed byargety of methods, including
microscopic examination of chloroplast integrity, usevitdl stain(s) and cell counts (of at least
dominant groups) following a grow-out period under optimal ghoadnditions. Other, more
sophisticated techniques, such as flow cytometry areaaisitable, but do not present a realistic
option for shipboard trials. For shipboard trials, iasvdetermined that growth potential
represents a robust indicator of phytoplankton viabilitthiw the constraints of shipboard
analyses, although this endpoint remains difficult to qfyamtiterms of regulatory endpoints.
The grow-out period for phytoplankton usually consisted ®4la (or 48h) period of irradiation
under fluorescent lighting and non-limiting nutrient comahis through the addition of f/2 growth
medium. This medium had the following constituents: E6EO, 1.45 mg ['; KNO3; 200 mg
L™ : NaHPOy.2H:0, 34.8 mg [}; HsBOs, 34.2 mg [Y; EDTA.2H;0, 30 mg *; MnCl,.4H0, 4.3
mg L% CoCh.6H:0, 0.13 mg [ ZnSQ7H;0, 0.364 mg [ H;SeQ, 0.00173 mg L
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Thiamine HCI, 0.1 mg £; Vit B12, 0.001 mg L[; Biotin, 0.002 mg L*.

An effort was made to identify and count as many taxoo@roups as possible, with
particular focus on dominant taxa, although individual celints before and after grow-out are
still subject to different interpretation. While ‘liveounts depended on such parameters as
chloroplast integrity, motility and neutral red stainingefus for several but not all taxonomic
groups), numbers of viable cells determined in this waynofteclined rather than increased
following ‘grow-out’. Under such circumstances it mag ¢oncluded that the population as a
whole was non-viable, i.e. incapable of growth.

Other determinants of phytoplankton viability.

Microscopic examination of cell/chloroplast integrityasvsupplemented by the use of
Neutral Red as a vital stain, which proved a useful $daimany, but not all taxonomic groups..
Unstained samples examined soon after collection wemgpa@d with ‘splits’ of the same
sample that were stained with Neutral Red. Samplé&samlg a grow-out period were similarly
examined, with and without Neutral Red. Following inieabmination of phytoplankton (before
and after grow-out) to determine their general appeararuservations of chloroplast integrity
and the activity of motile forms, samples were preskimd_ugol's Solution for more intensive
taxonomy and determination of cell sizes.

Chlorophylla
Phytoplankton growth may be conveniently assessed by nmagasuwvivo chlorophylla

concentration before and after the grow-out period.|&\is represents a useful integrative
determination of the status of the phytoplankton commuantya whole, it does not provide
information on individual taxonomic groups of phytoplankthat might have quite different
characteristics in terms of size, shape, doubling timew(dr rate) etc. Also, chlorophyll a data
cannot be interpreted in terms of published standards, venetased on cell numbers. While
good quantitative relations can be drawn between chlorophyind cell numbers in
monocultures (Wright et al. 2006), natural phytoplanktonroanities may include taxa which
differ in volume by more than two orders of magnitudedéinsuch circumstances chlorophyll a
levels would be biased towards larger cells. We, neVedsdind that useful information can be
obtained from chlorophyll a analyses, particularly wigspect to growth capacity. While two
analytical methodologies are described in UMCES stamujaedating procedures (see Appendix
E), the method described by Welschmeyer was used for tifiese For this study, chlorophyai
analyses were made aboard the vessel, using a TurngnBdsgjuafluor fluorimeter, Model #
8000-001 calibrated aboard the vessel using a solid standard, whtcinn was calibrated
against a chlorophyl standard at the UMCES Analytical Services Division.

Bacteria

250ml. samples for bacterial analyses were be takectlg from the unfiltered discharge
from the sampling port, and stored at temperatures justeafieezing (1-4C) prior to and
during transport to the University of Maryland Center foviEmmental Science, Chesapeake
Biological Laboratory, although in Trial 3 some cultgyicounting was carried out in cabin space
aboard the vessel. Bacterial culture formed the lmddscterial endpoints that were used to test
the bactericidal effectiveness of the BWT systemaatbahis vessel. The following bactericidal
endpoints were employed:

» Cultural bacteria. For total culturable heterotrophic bacteria, samplesewe
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serially diluted three to four orders of magnitude. 20 ail.strength and diluted
samples were filtered through 0.45 um black field filtersstdate the bacteria on
the filter. The filter was then transferred to drPeish that contained a sterile
absorbent pad soaked in 2ml of autoclaved marine brotho@i Marine Broth
2216). The filter paper was placed so as to expose the redalated with
bacteria. The Petri dishes were then closed andglagede down in a 25 +0.5
°C incubator. After 72 hours, the dishes were removeccaluhy forming units
were enumerated using a colony counter.

It is emphasized that only approximately 1% of marine dsa&ctwill culture successfully,
and that this figure may vary according to geographical dit@a, therefore, represents only an
approximate measure of the efficacy of BWT technolagy is somewhat variable according to
geographical location.

Primary focus was on taxonomic groups specified in puldish© (2004) D-2 regulations:
colony-forming units ofE.Coli, Enterococcusnd Vibrio Cholera (with specific emphasis on
virulent serotypes). Fluorescence-based techniques (IDExDoOatories.) were employed to
qguantify coliformsE. Coli andEnterococcusn treated and untreated ballast water.

Samples were diluted an order of magnitude with sterilended water for the IDEXX
protocols. The established detection range for this techisgl@ — 24,190 cfu / 100 mL of sea
water sample.

Total coliform andE.coli levels were enumerated using IDEXX Colilert-18
Quantitray/2000 test kits (IDEXX Laboratories Inc., MEyhich are US EPA
approved standard methods foicoli analysis. Samples were diluted an order of
magnitude with sterile deionized water , added with the tletemedia into the

Quantitray and sealed and incubated a8@7or 18 hours. The analytical method
is a multi-well Most Probable Number (MPN) method imad exposure to a
mixture of o-nitrophenolg-D-galactopyranoside (ONPG) and 4-methyl-
umbelliferyl-5-D-gluronide (MUG). Coliform bacteria produce a yellow arol
resulting from the formation gf-galactosidase. In addition to the yellow color,
E.coli also produce fluorescence (under a 6 watt, 365nm UV ligh8) r@esult of
the action ofp-glucuronidase. Yellow and fluorescent squares were counttd a
converted to cfu/200ml.

Counting of a variety of Enterococci sps. includfagcalis, faecium, aviurand
gallinarum is achieved using a MUG-based nutrient-indicator and aeffoent
end-product. Like the coliform method, the IDEXX Laborasrinc. Enterolert
Quantitray 2000 (ASTM method # D6503-99) relies on a MPN endpoint,

following 24h incubation at #C. A blue fluorescence signifies a positive result
for Enterococci.

Quantification of viableVibrio cells was facilitated by the use of Polymerase Chain
Reaction amplification techniques on refrigerated sasnplansported to the University of
Maryland Center for Environmental Science, Chesapeakdéodcal Laboratory, Molecular
Biology Laboratory, directed by Dr. Carys Mitchelmore.
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Water Quality and Nutrient Analyses.

Only chlorophyll a and standard water quality criteria wlreermined aboard the vessel.
As previously reported chlorophyll a analyses were crabisrated via chlorophyll a standard
measurements conducted both aboard ship and at the UMCHgidsaServices Division,
Solomons MD. pH, dissolved oxygen (DO), salinity, tempesatwere all measured using a
Yellow Springs Instruments ‘Multimeter’, which was ibahted against laboratory-based
instrumentation before and after each trial, with phiigy re-calibrations against known
standards between sampling batches. Spare membraribe 10O meter were available ‘in the
field'.

Apart from chlorophyll a other nutrient analyses were qoeréd by the UMCES
Analytical Services Division, Chesapeake Biological Labmry, Solomons, MD, U.S.A.
Standard Operating Procedures from this Laboratory have peelished as comprehensive
document, available online attp://cbl.umces.edu.nasl/Metho@ppendix E), and only those
analyses relevant to the 2008 shipboards trials are supachdelow

Total Suspended Solids (TSS).

Total Suspended Solids (TSS) and Particulate Organic £40OC) were measured
using GF/C filters that were initially dried to (102-£09, pre-weighed (gm.) to 4 decimal
places and brought aboard the vessel in individual sea&d Hishes. Filter volumes varied
between 500ml. -1-5 L. Filters were rinsed with freskawv&b remove salt and brought back to
the laboratory over ice. Each filter was then driefCRC for 24h and re-weighed (APHA 1975,
USEPA 1979a). Total Suspended Solids (TSS) were calculatedtlre difference in between
this weight and that of the pre-weighed filter.

For POC measurement filters were then combusted 50BC oven overnight, stored in a
desiccators and then re-weighed. POC was calculatdtedsss in weight relative to the TSS
weight.

Both TSS and POC are expressed as thg L

Dissolved Organic Carbon (DOC).

The Shimadzu TOC-5000 uses a high temperature combustion miethexblyze aqueous

samples for TIC, TOC and non-purgeable organic carbomplga for DOC analysis are treated
with hydrochloric acid and sparged with ultra pure carriadgrair to drive off inorganic carbon.

High temperature combustion (680 °C) on a catalyst bpthtihum-coated alumina balls breaks
down organic carbon into carbon dioxide (FOThe CQ is carried by ultra pure air to a non-
dispersive infrared detector (NDIR) where £8&detected (Sugimura and Suzuki 1988).

Nitrite + Nitrate

Filtered samples are passed through a granulated coppeunadamumn to reduce nitrate to
nitrite. The nitrite (originally present plus reduced méjahen is determined by diazotizing with
sulfanilamide and coupling with N-1- naphthylethylenediaminkydliochloride to from a
colored azo dye. Nitrate concentration is obtainedulbyracting the corresponding nitrite value
from the nitrite + nitrate concentration. (Technicon 19F73EPA 1979b).
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Orthophosphate

Ammonium molybdate and antimony potassium tartrate neaan acid medium with dilute

solutions of phosphorus to form an antimony-phospho-baatie complex which is reduced to
an intensely blue-colored complex by ascorbic acid. Caoproportional to phosphorus
concentration. (Technicon 1973, USEPA 1979c).

Ammonium (analyzed) in conjunction with Whole Effludr@sting (WET) only (Trial 3).

Determination of ammonium is by the Berthelot Reactionwhich a blue-colored
compound similar to indophenol forms when a solution ofmamum salt is added to sodium
phenoxide, followed by the addition of sodium hypochlorit€he addition of a potassium
sodium tartrate and sodium citrate solution preventsiptation of hydroxides of calcium and
magnesium (Technicon 1986, Kerouel and Aminot 1987).

University of Maryland Analytical Services Division - Statemeh of Quality
Assurance/Quality Control Procedures.

The analytical services division of the University odiMland Center for Environmental
Science (UMCES) is a nationally and internationallyogggzed resource for aquatic chemical
analyses, which for over thirty years has provided tlisise to numerous State and Federal
agencies and other clients. Standard Operating Procedures S€aFby this group are available
online at http://cbl.umces.edu.nasl/Methodand are reproduced here as Appendix E. A
representative summary of QA/QC components practicési®yaboratory is given below.

A constant consideration of the UMCES Analytical Seesi laboratory is assuring the
quality of data generated by the procedures presented in thism&urther, indication of data
guality is accomplished by analyzing duplicates, spikeadatas-as-samples, standard reference
materials and participating in cross-calibration exescis

Laboratory Duplicates

Approximately 5% of the total number of samples analyzedsist of laboratory
duplicates. For dissolved analytes, after a samplenadyzed, the same sample container is
placed farther along in the automatic sampler and rerzethl The mean of the two values is
reported as the concentration for that sample. Iffierdnce of >10% is observed between
replicates, then all of the replicates for that ipafar analytical run are carefully reviewed. If
only one of the duplicate pairs is in question, then dmy sample is re-analyzed. If all show a
similar trend, then instrumentation/reagent problems aspexted and the analytical run is
halted until such time as the problem is resolved. Thisguare is practiced for all dissolved
analytes that are not consumed completely in thdyts procedure. For those that are
completely consumed and for particulate analytes, duplsamples constitute actual duplicate
samples collected in the field and analyzed in the sarabytical run.

Values for each duplicate analyzed are recorded in a $ef@f4QC data file along with
the sample number, sample collection date and asafieie. The mean concentration and
standard deviation of the replicates are calculated s dhta file. In the case of particulate
carbon and nitrogen, total suspended solids and chloropiyl percent of the total number of
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samples are analyzed as duplicates. This generates esuffiquality assurance data to
compensate for the omission of laboratory spikes fsdhmon-aqueous samples.

Laboratory duplicates serve as an indicator of instrunstability, consistency in
laboratory sample preparation and analysis, as walh @stimate of field proficiency.

Cross Calibration Exercises

UMCES Analytical Services Division has participatedmnany cross calibration exercises.
Participation in such programs is an excellent means tdrrdaning accuracy of results.
Examples of such cross calibration exercises inclugi€tiesapeake Bay Quarterly Split Sample
Program, US EPA Method Validation Studies and InternaltiGaancil for the Exploration of
the Sea Intercomparison Exercise for Nutrients in\Sater.

Sample Custody

Upon arrival at the laboratory, samples are countéderved for potential problems
(melting, broken containers, etc.) and placed in a éeeatil analysis. Sample information and
date of arrival are recorded on a log sheet.

Instrument Maintenance

Analytical instruments are maintained on a regularsbasd records are kept of hours of
operation, scheduled maintenance, pump tube changes, etéicAl spare parts inventory is
maintained for each instrument. Instrument down-timemisimized by troubleshooting
instrument problems telephonically with manufacturernd sgrvice representatives. Spare parts
can be received within 24 hours via next-day air service.

Statement on Instrument Comparability

The Nutrient Analytical Services Laboratory developsdata quality maintenance
program for each analyte whenever new instrumentasioacquired. It is the policy of the
Nutrient Analytical Services Laboratory to report alata from new instrumentation only after
thorough and satisfactory side-by-side comparisons with egigistrumentation are preformed.
No predetermined number of data pairs are used to makegbssaent on data comparability
between new and existing methodology. Even in the casmstfumentation with similar
methods of detection (i.e., automated colorimetric) specific number of data pairs is used.
Comparability at low and high concentrations, saligityl other possible matrix interferences,
sensitivity and precision are all factors in deternmgnihe number of pairs that must be addressed
before bringing an instrument on-line and in determiningunsent comparability.

The analyst who performs these comparisons should beiexped, open-minded and
impartial. This person can give an evaluation of easénsifument operation and a very
important general statement of comparability. Thisest@int on comparability must then be
substantiated via statistical analysis of the data. Awigusly mentioned, these data must
encompass the entire concentration range, matrixfemémces, percent recovery, results of
standard reference material analyses, etc. The daigretation must support comparability.
The analyst and laboratory QA/QC officer must concut amally, some sort of presentation
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(written or verbal) must be given to the contractgulaxing what procedure was followed and
the results that were obtained to bring this instruroarine.

Temperature Logs.

Temperature logs of freezers, refrigerators and drying ovenisept on a monthly basis.
Thermometers used in this equipment are calibrated agaaastified NBS thermometer.

Laboratory Spikes

Approximately 5% of the total number of samples analyzexisb of laboratory spikes.
A spike is prepared by adding a known volume of standaedkimown volume of pre-analyzed
sample. We routinely add enough concentrated standard to peosidaificant response on our
instruments that is distinguishable from the originahaamtration of the sample. This
concentrated standard is used to minimize any possiblgeharsample matrix by the addition
of spike. The spiked sample is analyzed and its expecteckntration calculated as the sum of
the original concentration and the spike concentraionmalized for the constituent volumes. A
comparison is made between the actual value and thectegpealue. These concentrations
(original, expected and actual) are recorded in a separt@@data file along with sample
number, sample collection date, analysis date and tliranof spike added. In the case of
particulate phosphorus, the volume filtered is not useddrcalculation to determine percentage
recovery. If a value of >115% or <85% is observed for péagenrecovery of the spike, then all
of the spikes for that particular analytical run eaeefully reviewed. If only one of the spikes is
in question, then only that sample is re-analyzed. If sllbw poor recovery, then
instrumentation/reagent problems are suspected and thgiaiaun is halted until such time
that the problem is resolved. This procedure is adherddrtall dissolved analytes and for
particulate phosphorus and biogenic silica.

Documentation of Slopes

A running record of the slopes of the standard curves @raled "F," "S" and "K"
factors) is maintained for each analysis. Random uglanth movement within a predetermined
range as a function of time indicates the analysisinder control. Consistent upward or
downward movement of these factors indicates theysisals out of control and requires
immediate attention.

Standard as Sample

Standards are analyzed as samples throughout the ealatyin. This is an excellent
means of evaluating instrument performance during the cotisseamalytical run. Standards are
analyzed every 12 - 20 samples, depending on the instrungeanalyte.

Limits of Detection.

Limits of detection, the lowest concentration ofaaralyte that the analytical procedure
can reliably detect, have been established for all parasnetatinely measured by Nutrient
Analytical Services. The limit of detection is 3 tintee standard deviation of a minimum of 7
replicates of a single low concentration sample.
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Standard Reference Materials
Particulate Carbon, Nitrogen and Phosphorus: BCSS-Inarae sediment reference

material prepared by the National Research Council ofdzangais certified by the Council for
carbon content, gives a non-certified range of tesior phosphorus, but no information for
nitrogen. We have analyzed this sediment for many yearsnamtain a substantial database for
nitrogen and phosphorus, as well as carbon values. \Wlgzanthis sediment quarterly and
compare these results to the certified value, nonfiedrtrange of values and our historical
values. Dissolved Analytes and Hardness: Standarcerefermaterials for ammonium, nitrite +
nitrate, nitrite, orthophosphate, dissolved nitrogen, tlisslo phosphorus, dissolved organic
carbon, sulfate and chloride and hardness are suppli&PBYX, a US EPA certified company.
The samples arrive in ampules and we prepare final cbatiens to approximate typical
estuarine concentrations. The samples are then placpie-cleaned poly bottles, frozen and
analyzed on a quarterly basis.The analysis of thesserdr standard reference materials as a
function of time also provides data on the effect of pn@servation technique (freezing) on the
integrity of the concentration of samples. The UAEBcommends a holding time of 28 days
for many of the parameters we routinely analyze.

Organic compounds are included with each dissolved nitrogedissmlved phosphorus
digestion to determine the completeness of the digegtimcedure. Glutamic acid and
glycerophosphate are used as the N and P sources, neslgecti

Data Management.

In general, Standard Methods (APHA, 1998), section 9020B.10-11, guited t
procedures for documentation, recordkeeping and data handlatg. \iere analyzed using
desktop and software such as Microsoft Excel, QuattraRdcssystem software such as Statistics
and Analysis System (SAS).

The project director was present throughout every asgestipboard trials, a total of
thirty-one days at sea over three trials, and wastagral member of the microscopy team. The
responsibility for maintenance of quality for a projees with every member of the project. All
project personnel aid in identifying perceived problems that affect quality and report such
problems to the project director. A team approach is adoipteorder to correct observed
deviations for which there is an obvious solution during tautine implementation of the
sampling procedures. During data validation and assessdexmations in the project data are
corrected as appropriate. If data are determined to bkdintteey are denoted as such and not
included in the data set. The project director is responddieassigning/conducting QA
assessments and is responsible for correcting any desiatimserved when accuracy, precision,
completeness, and comparability are not to specificatams for inspection of the final reports
to confirm that the methods, procedures, and observaaomsaccurately and completely
described, and that the reported results accurately angletety reflect the raw data of the
studies.

Responsible persons for zooplankton, phytoplankton andbmdtrassessments provide
preliminary reports on data derived from the first dayesting to the project director to allow
the test team to correct any readily apparent probl&hey also prepare a report to the project
manager within one month of the period of ship trials. fidport includes but is not limited to
the following:
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. An introduction stating an overview of the proceduresqoaréd;
. Methods/SOPs followed for the analysis;

. Brief analytical assessment of the results highlightpertinent information about the
data (i.e. outliers, deviations, unexpected results etc);

. Compliance with SOPs and chain-of-custody proceduredqb@&ing sample form)
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UMCES, Chesapeake Biological Laboratory

FIELD CHAIN-OF-CUSTODY - Sample Custodian

Project Title: Coral Princess BW Testing Trial,
Sample Type:

1 = Preserved Zooplankton

2 = Live Phytoplankton

3 = Preserved Phytoplankton
4 = Microbial (Macrophage)
5 = Microbial (TPC)

1. Collected by:

Date:
Relinquished by:
Date:
2. Received by:
Date:
Relinquished by:
Date:
3. Received by:
Date:
Relinquished by:
Date:

Time:

Time:

Time:

Time:

Time:

Time:

118

2008 #:

Time




Literature Cited.

American Public Health Association APHA. 1975. Method 2086tal Nonfilterable Residue
Dried at 103-105 °C (Total Suspended Matter)Standard Methods for the Examination of
Water and Wastewater, "14Edition. American Public Health Association. WashingténC.
1193pp.

American Public Health Association (APHA), Americanatét Works Association, Water
Environment Federation. 1998. Standard Methods for theieatiom of water and wastewater
(20th edition). Clesceri, LS., A.E. Greenberg and A.D.oBateds. American Public Health
Association.Washington DC.

Froelich, P.N. and M.E.Q. Pilson. 1978. Systematic dlaswe error with Technicon
AutoAnalyzer Il colorimeter. Water Res. 12:599-603.

IMO (International Maritime Organization) 2004. Intefoatl convention for the control and
management of ships’ ballast water and sediment. Mdlaila at
www.imo.org/Conventions/Mainframe.asp?topic_id=867

Kerouel, R. and A. Aminot. 1987. Procédure optimisée bhorsaminations pour l'analyze des
éléments nutritifs dissous dans I'eau de mer. Mar. Envites. 22:19-32.

Standard Methods for the Examination of Water and Wadtsyw20th Edition (1998) under
sections 10-20 and 10-21, “Biological Examination”

Sugimura, Y. and Y. Suzuki. 1988. A high temperature catalytidation method for the

determination of non-volatile dissolved organic carboseawater by direct injection of a liquid
sample. Mar. Chem. 24:105-131.

Technicon Industrial Method No. 155-71W/Tentative. 1973. Technicwlustrial Systems.
Tarrytown, New York, 10591.

Technicon Industrial Method No. 158-71 W/AT Tentative. 1977hiiieal Industrial Systems.
Tarrytown, New York, 10591.

Technicon Industrial Method No. 804-86T. August 1986. Technicafusknial Systems.
Tarrytown, New York, 10591.

United State Environmental Protection Agency 1979a. Method MNgf.2 (with slight
modification) in Methods for chemical analysis of wematand wastes. United States
Environmental Protection Agency, Office of Research amyeldpment. Cincinnati, Ohio.
Report No. EPA-600/4-79-020 March 1979. 460pp.

United State Environmental Protection Agency 1979b. Method 36&.2 in Methods for

chemical analysis of water and wastes. United Statesdhmental Protection Agency, Office of
Research and Development. Cincinnati, Ohio. Report NA-@®/4-79-020 March 1979.
460pp.

119


http://www.imo.org/Conventions/Mainframe.asp?topic_id=867

United State Environmental Protection Agency 1979c. Method 3@®.1 in Methods for

chemical analysis of water and wastes. United Statesdhmental Protection Agency, Office of
Research and Development. Cincinnati, Ohio. Report NA-@&®/4-79-020 March 1979.
460pp.

United State Environmental Protection Agency. OfficeResearch and Development. 1996.
ICR Microbial Laboratory Manual. EPA/600/R-95/178.

Welschmeyer, N.A. 1994. Fluorometric analysis of chloropdyti the presence of chlorophyal
and phaeopigments. Limnol. Oceanogr., 39: 1985-1992.

Wright, D.A., R. Dawson, C.E.F. Orano-Dawson, G.Roryan and J. Coogan. (2006) The
development of ultraviolet irradiation as a method tloe treatment of ballast water in ships.
Proc. Inst. Mar. Eng. Sci. Technol. J. Mar. Sci. Emwi (C4) 3-12.

Wright, D.A. (2007) Problems associated with performaneeptiance testing for ballast water
treatment. Proc. Inst. Mar. Eng. Sci. Technol. J..\dasign Ops. (B12) 25-38.

Wright, D.A., Dawson, R., Caceres, V., Orano-Daws0rk., Kananen, G., Cutler, S.J.
and Cutler, H.G. (2009). Shipboard testing of the efficaicpeaKleen® as a ballast
water treatment to eliminate non-indigenous specieardb® working tanker in Pacific
waters. Environ. Technol. (in review)

120



Appendix E.

Standard Operating Procedures for UMCES Analytical Service Division.

121



Filename: PCL Final Reportcorrected April 2009.doc

Directory: C:\Documents and Settings\David Wright\My Doents\Princess
trials 2008

Template: C:\Documents and Settings\David Wright\Appibcat
Data\Microsoft\Templates\Normal.dotm

Title: Protocols To Determine Efficacy of The Hyne Marinc

Subject:

Author: David Wright

Keywords:

Comments:

Creation Date: 5/4/2009 10:28:00 AM

Change Number: 6

Last Saved On: 7/6/2009 3:44:00 PM

Last Saved By: David Wright

Total Editing Time: 28 Minutes
Last Printed On: 7/6/2009 3:57:00 PM
As of Last Complete Printing
Number of Pages: 122
Number of Words: 32,786 (approx.)
Number of Characters: 186,881 (approx.)



	dups
	spikes
	instrucomp
	refs

